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Dr. John C. Fisher joined General 
Electric Khesearch Laboratory in 1947, 
right after receiving his Doctor of 
rience degree in Mechanical Engi- 
neering from M.1,'1 Toda he is 
manager of the ’/hysical Metallurgy 
‘ hitix o Dr. Fisher 

I properti« his 

~stivations 


Secrets of alloy strength 


General Electric's Dr. John C. Fisher discovers how atomic order 


influences ability of alloys to resist deformation under load 


One important factor in the strength of alloys is the 
local arrangement of the different kinds of atoms in 
them. Large atoms tend to pair off with small ones, 
because they fit into the alloy crystals better that way. 
Dr. John C. Fisher of the General Electric Research 
Laboratory has shown that this type of structure 
exhibits greater resistance to deformation than pure 
metals, in which the atoms are all of the same size. 

According to this concept, plastic deformation sepa- 
rates some of the atomic pairs, and their resistance 
to separation causes the strength. It is now known 
that many alloys of commercial importance owe their 
strength, at least in part, to this cause. Thus the 
study of solid-state physics, directed toward under- 
standing the strength as well as electrical and 


magnetic properties — of metals and alloys, is today 
laying the groundwork for the development of new 
materials to meet the needs of the times. 

As General Electric sees it, providing individual 
scientists with freedom and incentive to solve the 
problems of research is part of solving the larger 
problem of how we can all live better, with better 
materials and better products with which to work, 
better jobs, and extra human satisfactions in terms 
of what people expect and want in life. 
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General Electric offers 
new single-cycle BWR * 
for atomic power plants 


Designed specifically to furnish energy 
for electric power generation 












was 


Forerunner of a whole new family of small power reactors, the General Electric 
single-cycle boiling water reactor is a new source of energy designed for power 
plants in a range of 5000 to 20,000 kw. It can be modified for larger ratings. 
Boiling in the reactor itself and forced circulation offer these advantages: 
(1) Simplified design; no main heat exchanger used. (2) High thermal efficiency. 
(3) Automatic control of response to load changes. (4) Greater safety since re- 
actor is self-limiting in case of excessive nuclear reactivity. 
This reactor uses fuel elements of the long-burnup type. Spent fuel elements 
are stored in the service pool adjacent to the reactor until cool enough for 
futher handling. 

The reactor and service pool can be equipped for neutron and gamma irradia- 
tion for research without interfering with reactor operation. 
For more information, write for bulletin GER-1220, Sect. 192-7, or contact the 
Atomic Power Equipment Dept., General Electric Co., Schenectady 5, N. Y. 


*Boiling Water Reactor 


Progress /s Our Most /mportant Product 


GENERAL ELECTRIC 






SCHEMATIC DIAGRAM 


CONDENSER 






FEEDWATER 
HEATING 
SYSTEM 










REACTOR 





SIMULATED FUEL ELEMENT being installed in a heat STEAM FLOWS FROM REACTOR to drum. Saturated steam 


transfer loop for tests under reactor thermal condi passes to turbine; water goes to feedwater heaters and 
tions. This is one of G.E.’s supporting atomic devel- returns to steam drum. Forced circulation pump provides 
opment programs to advance reactor design automatic control of response to load changes. 
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G-E Development Engineering offers you 
careers with unlimited professional growth 


In G.E.’s new Turbine Product Development Lab in 
Schenectady, Ed Freiburghouse, RPI ’°44, describes 
development engineering to st idents Bob Parker, Missis 
sippi State '56, and Don Willams, Yale ’55. Ed explains 
the extensive devel pment of new bucket designs for steam 
turbines which lead the way to increased efficiency and 
operating economy 

Similar product development is being done in G.E.’s 132 
plants in 101 cities and states, offering you opportunity 
for professional development in many engineering channels, 
working with the more than 200,000 products G.E. makes 
for industry, the home, and defens«e 

The G-E Engineering and Science Programs train you 
in the field of engineering most suited to your interests and 
aptitudes, such as development, design, or the laboratory 
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Our country has been built on great causes. We see 
Washington at Valley Forge in the cause of freedom. 
We hear Lincoln at Gettysburg in the cause of govern 


ment of the people, by the people, and for the pee ple. 


kach man can make his own life a great cause. As he 
thinks, and plans, and works, he can bring into being 
that which he, and he alone, can contribute to the 
common good. And the net result is something new 


propre $5 


Phe power of all of this is tremendous. Yet it ema 
nates from an inner urge which each man has and which 
he converts into action, Thus our leaders emerge: thus 
great causes crystallize 


Poday the engineering profession sees the ervstalliza 
tion of a great cause. There is a shortage of enginees 


of scientists. of teachers. 


Voice from everywhere are being raised. Confer 
enes every vhere are being held Plan ine Demy 
ubmitted, Legislation is being considered, The pre i 


filled with the subject. Great minds are at work 


Phi I ill for great good But to the individual 
engineer the opportunity can he a great obligation. I 
each engineer in his own community would seek out a 

outh in high school—or even in junior high sehool 


ind would bring to that bov the story of engineering 


and of SCIenCe., We would be issured that las e numbe 


of our young people would hear our message. The 


would learn something of the great engineering pro 
fession, of what engineers have done to make our 
count yreal and of the needs for maintainin that 


greatme Who is better qualified to tell the stor to 


_ 

Raat 
" 
| 


encourage the youth, to guide him, and to counsel him 


than the engineer? 


Such individual participation leads, in turn, to group 
participation in the community. Here broader prob 
lems come to light. Are the sehools adequate in 
teachers? In curricula? In facilities? In guidance? Do 
all of them provide a substantial progression from thy 


W he reve 


there are barriers to this progression, the analysis of 


high school to the engineering, college? 


the situation and the planning and action with the 
responsible community groups can become a contribu 


lion whic hy « annot be made us well i) any other wily 


Although education has been in the past largely a 
community responsibility, state aid is becoming more 
prominent, and now federal aid is being brought into 
the picture. Plans specifically for engineering and 
science education, and for teacher inerease, are coming 
from everywhere, The participation of the engineer in 
community affairs thus allows him to provide advanes 
ment both from his own initiative and from his asse 


ment and evaluation of the plans proposed by other 


together with any legislation that may ensue 


Ihis ! a cause to whir hy many etivineect have piven 
time and ability in the past and are giving at present 
They do this both as individuals in their communit 
and through group participation in community bate 
and national affairs. But infinitely more is needed. Tt 
is a responsibility for each and every engineer to 


undertake for himself 


It is a universal problem Iti in obligation re pron I 


bility. It is a grass-roots opportunity It is a vreal cause 


a a 


| DITOK 
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PARKING LOTS ire well illuminated by tall top-decorated 
pole s that help to create dramatic effects, 
IN DETROIT'S NORTHLAND, LIGHTING—-A MODER 


How We Design 


Phe more than 2000 shopping centers 
being planned or under construction in 
the United States range from the 
modest neighborhood variety to enor 


mous regional units. Detroit's North 


STORE FRONTS increase their attraction power with con- land (photo) serves 590,000 people and 
tinuous bands of translucent plastics the even larger Cross County Center 
(Cover) at Yonkers NY serves | 
million people 

The spectaculat success of shopping 
centers has led to keen competition 
among them. Because this rivalry will 
increase as more and more centers 
spring up, managements will seek ever 
possible means to build trade 

Lighting—a powerful modern tool 
for luring suburbanites to shopping 
centers——-plays an important role both 
day and night. 

During the day, for instance new 
sign techniques permit positive identi 
fication even when the sun_ shines 
directly on the sign. And the correct 
window and interior lighting success 
fully overcome reflections that oceur 


in glassed areas. Thus interiot displays 


project their selling messages to shop 


pers on the sidewalk 


At night. lighting focuses attention 


ALONG THE MALL Ji! spins, feniseare Betting and dias dak es, alee 
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FOOL FOR LURING CUSTOMERS TO SHOPPING CENTERS 


alighting for Today’s Modern §$ 


contribute interesting and = dramati 


decorative eflect Lighting even tie Ips 
to make an evening trip to the shopping 


center an exciting adventure for the 


entire famil 
How do Vv ¢ Ft) 


exterior lighting for a shopping center? 


ihout designing the 


lighting must be de 


term of the 


hundamentall 
whned in over-all 


} | 


met 


chandising plan and architectural de 
wn of the centet interior and ex 
leriol 

After considerin these factors ve 


concentrate on the two exterior light 


ny calegorte lighting for ittraction 


ind lighting hol ifetl ind convenience 


For Attraction . 


lo by identihed considerable 


distance, the shopping center must com 


Irom a 


attention long bye 
Voreover 
center prominent in the mind 


ittraction device 


mand the motorist 


fore he reaches tt , attraction 
keeps the 

irrounding resident can be 
done by me 


itop floodlis 


sunting 


ntinyg pole . 


(photo, top left) 


r tall structure that form i part of the 
Hoppin en itself 
A large n near the road, readil 
le le f Kimum viewing «i 





By C. M. CUTLER and R. T. DORSEY 


lanes erve i inother attraction de 
vice. Slimlins lamp ire widely used to 
illuminate these vn Recently, thi 
Service ha if luded fla hing ol rapid 
tart lamp In this type of ecireuit, 
heates VviIndin in the ballast keep 
cathodes at proper temperature, So 
far. results indieate that under ideal 





“SERVES AS A POWERFUL ATTRACTION DEVICE AS WELL AS A MEANS OF ILLUMINATION. 


hopping Centers 


operating conditions more than a year 


can he 
also 


for dramati 


of service anticipated Phi 


technique offers the opportunit 
color change 

Another recent development for large 
of relatively high candle 


such as the 25-watt 60 


signs is the use 


powel SOUTCOCS 


TEXT CONTINUED ON PAGE 12 


HOW WOULD YOU LIGHT UP THIS SHOPPING CENTER? 





To see how we did it, turn the page . 
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SHOPPING CENTERS (Continued) 


Planned 
Lighting 


For 
ATTRACTION 
And 
ATTRACTIVENESS 


INCREASED COMPETITION and more shopping nights are responsible for improved 
landseape lighting that is designed to please the eye and to make shopping a pleasure. 


) 
y 


tite veer , DECORATIVE ELEMENT—«ty!- 
ized totem pole uses reflector 
flood or spot lamps aimed at 
colorful surfaces and designs. 


SHOPP inc 


‘ CENTER® 
et , 


STORE DIRECTORY takes on a somewhat un LEGIBILITY of five-foot-high sign LUMINOUS SIGNS lighted by 
usual form when it utilizes standard high-produc letters gives motorists enough time slimline lamps compel attention 
tion enclosed plastics signs in varying designs to slowdown in fast-moving trafhe, and downlights illuminate plants. 


10 ENERAL ELECTRIC REVIEW 





STREETLIGHTING TECHNIQUES (left) 
provide a simple lighting system, mini- 
mizing shadows, But many poles pro 
duce a cluttered effect and detract from 
show windows and signs. However, 
floodlighting (below) on LO0O0-foot poles 

above the line of sight-—400 feet apart 
results in a much cleaner appearance, 


ATTENTION VALUE is substantially improved 
by the addition of a continuous luminous band 
above the show windows of the shopping center. 


MOUNTED IN A NUMBER OF WAYS, 
luminous plastics signs identify individual 
stores grouped under protective canopy 
Fluorescent lamps, satisfactorily operating 
down to zero F, provide even iflumination. 
Various lettering styles and colors are used, 


GUIDE LIGHTING—concealed fluores- WEDGE-SHAPED SIGNS mounted at 
cent lamps light exrr signs: IN have re- right angles to the line of trafhe-—stag 
flector flood or spot lamps in plant box. gered for visibility-——light up sidewalks 


MAY-JULY 











FLOODLIGHTING 


volt or 75-watt 120-volt reflector lamps 
to form the letter stroke Aimed directly 
at approaching traflic, these lamps are 
operated at rated voltage in the daytime 
Their controlled beam provides enough 
to stand out boldly even on a 
Al night or on dark 


reduced to 
disability 


brightnes 
bright unny day 
cloudy days, the voltage is 


and 


avoid) discomfort even 
glare and to maintain legibility. This 
ean hve dome hy i photos lectru eon 


trolled dimmer or relay 

With the center identified from a di 
lance, we must next persuade approach 
ing people to do their shopping at the 
center 

lo accomplish thi we create a 
elling front This includes displays 
seen in windows and open-front store 


buildings and the signs and floodlighting 


of building surfaces. Maintaining arch 
itectural unity while providing a high 
degree of individuality for individual 
lore identification presents a major 


problem, It has sometimes been solved 


by providing above the canopy a con 


tinuous luminous band (photo, center 


%), say, five feet high and made 


of diffusing plastics or glass with four 


continuous rows of slimline lamps in 
sie thre 


tached letters of translucent material in 


cavity, On this panel are at 


a wide variety of colors o1 Opaque letter 


of wood or metal. This way the wn 
design has practically no limitations, 
vet the continuou panel becomes an 


and an integral 


architectural element 


part of the entire centet 


traction powel substantially increases 
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overhead canopies accents store fronts without detracting from 
silhouetted 


igns: downlights create pleasant walkway effects. 


because of the large area of relatively 
high brightness, 

We have at our disposal a wide variety 
of equipment and techniques available 
for floodlighting building — surfaces 
(photo) The 


start fluorescent lamps with their high 


new high-output rapid 
light output per foot find wide applica 
they 


light output at low temperatures better 


tion here because maintain thei 


than other common fluorescent sources. 
Mounted in 
controlling reflectors, 


enclosed equipment with 


they can be in- 
stalled on top of the canopy to light the 
upper part of the building for silhouette 
letter effects: a could 
be attached to the Lop of the parapet for 
eflects— the 


similar element 


downward — lighting con- 
tinuous strip becoming an architectural 
feature. Enclosed floodlights or reflector 
lamps could also he used, 
Fundamentally, a shopping center is 
a long, low structure. We therefore pay 
attention to large 


particular creating 


areas of vertical surfaces to add mass, 
dignity, and = attraction power. They 
can be either floodlighted ol lighted 
from within 


The sum of all the lighting features 


adds up to attractiveness, 


mentioned 
measured by its power to increase sales 
volume. The visual sense must be cap 
this. Besides 


using interesting materials in the struc 


tured and lighting does 


ture and creating harmonious archi 
tectural composition and = a pleasing 
pattern ol brightness, we take additional 
steps to charm. the shoppers land 


scaping, landse ape lighting (photo lower, 





page 8) and pure ly decorative elements 
Thoughtfully 
tains, and murals add to an atmosphere 


lighted = s« ulpture, foun 
of gaiety and excitement. 

Still another phase of attraction powel 
trafli 


an even distribution of po- 


lies in influencing the flow 
pattern for 
tential customers to each store——a de- 
sign objective fundamental in the lay- 
out of the center. But much can be done 
by creating a pattern of brightness that 
will influence people to go in the de- 


sired directions. 


. . . and Safety and Convenience 


Motorists in today’s high-speed trafhe 
depend primarily on signs to identify 
a center at a. sufficient distance to 
slow down. Upon arrival, specifie en- 
trance lighting enables them to turn in 
quickly and surely. Increased levels of 
ilumination and low markers mounted 
next to the driveway accomplish this. 

Lighted readily 


identify the desired route to a parking 


direction markers 
place. And a signal system to indicate 
empty parking spaces would expedite 
one of the problems. For example, a 
switch could be 
at the head of 


parking place from green to red when a 


pneumatic used to 


change a signal each 


ear pulls in. Or lighted markers could 
identify rows and sections of the park- 
ing lot to facilitate finding one’s car 
upon returning from the center. 
During busy, crowded hours, the 
trip from the car to the stores may be 
long and discouraging: and with ice 


on the pavement, it may even be hazard- 


ous. Protection against damage suits 
demands more than ordinary care. 


Lighting is a vital necessity in this re- 
walkways sepa- 


trafli 


Simple lighting techniques applied here 


spect. In some centers, 


rate pedestrian and automotive 


improve safety and give the customer a 
sense of well-being. 

Large regional centers with 1000 or 
more stores require directories to guide 
customers on their shopping tour, One 
technique uses enclosed plastics signs 
so combined as to express the individual 
signature of each store, while becoming 


a luminous decorative element 


The Parking Lot 


Enhancing the usefulness of parking 
areas involves certain fundamental light 
ing objectives... 

e Uniform levels) of illumination: 
One footeandle on both horizontal and 
vertical surfaces is considered the min 
level of with the 


toward five 


imum illumination, 


trend today 





e Reduction shadows: Lighting at 


evel pomt in the lot from more than 
Corie SOuUTCE reduce - shadows. 

é Minimum vlare Minimum candle 
power at tyvpur il liewing angles min 
mizes glare 

e Minimum distraction from. signs 
ind show windows: Partly a matter of 
minimizing glare this also involves 


mounting equipment high enough to be 
well out of the of sight 

e Good individual 
Vuch effort is directed to this ob- 


jective. for manufacturers plac e more and 


customer's line 
appearance — of 


units 


is on appearance and style 
over-all effect: 


ny thre number ol poles contributes lo 


more emphas 
e Pleasing Minimiz 
a cleaner. less cluttered appearance 


Phe light 


pearance of the color of automobiles and 


source itself affects the ap- 


building materials people's complexions 
ind foliage. You are well 
acquainted with the color effects of it 


and ¢ lothing 


candescent light and generally find them 
receptable The 


lighting 


color effec ts ol fluores- 
less 


usually accepted for this 


cent though somewhat 
familiar, are 
application, Standard cool white lamps 
widely used for fluorescent streetlighting 
because they 


are suitable produce a 


pl isant lightly cool atmosphere and 
vive excellent appearances to foliage kor 
a warmer efleet, warm white is used 


Poday, interest in) using mercury 
lamps for parking lots is growing. Al 
though unflattering to the human com 
colors. straight 


plexion and to certain 


mercury light creates a distinctive effect 
if surrounding areas are lighted by other 
SOUTCeS But by 


distorted color ellects tend to outwe igh 


veneral consensus, the 


this advantage. And with the increasing 
rivalry imong centers a substantial 
competitt ‘ idvantaye is gained by using 


filament or fluorescent lamps for their 
rendition 


other 


hetter color 


On the hand, most mercury 


| 


lamps for this kind of lighting come in 


color-improved versions. The red com 


ponent is inereased by coating the bulb 
i phosphor that converts some of 


ultraviolet 


vith 


the invisible energy into 
d light 


red rather than black 


Thus red objects ippeal 
Phough the color 


eflect are better than with = straight 
mereury, the ire not as good as those 
of incandescent, or filament. sources 


ol color 


lamps Is tue h larger 


The effective light source 


improved mercut 


gular mercury or incandes 


Thus 


than tor re 


cent lamps utilization is not 


ind more vlare results 


usually as good 
for the 
Parking 


same level of illumination. 


ilso illuminated by 


lots ire 





SPECIAL EVENTS 


mounting floodlights on 


80- to LOO0-foot poles, a technique having 


high wattage 


several advant ives 

e It affords a high mounting for at 
traction devices that can be seen for 
vreat distances around the center. 

e The floodlights are far above the 
level of the tores so that they do not 


detract from the selling front. 
+ Ihe hemwht of the 


eflect 


pole s creates a 


dramati 


= Rex itiseé thre pole ean bye paced 


about 1OO feet apart fewer are required 
than for streethghting 


e lu cable trenching ts required 
tree thighting because olf lewer 


High 


transtorme! il the 


than for 
oltage carried to i 


byaase ol the 


location 
pole 
minimize IPPer Size 
mounted close to the 
A ilk AiA\ 
future possibilitie for 
loot With the right 


Lighting int 
vyround ilony hetween rows 
ol cat oller 


lighting parking 


cs 

Ree f ( 1. Coffin Award 
f eve Chu Centu / 
P / Mr. Cu nationally 
ree ; / nig authority can 
u Gl IO, He now has the overall 
direct f gene lighting fpplica 
m | f Large Lamp Dept 
Park. Mr. Dorse also wm {pple f 
/ é Large Lamp Dept 
/ / r-for- Selling rroup 
Join Gl LOW, he was with the 
/ If of Ordnance fron 
LOT] j shen he returned to 

he f 





tions that lend a holiday spirit 


call for special effeets., Providing outlets for lighting deeora 


aves time and money 


distribution. they could serve the double 


purpose of walkway and parking lot 
lighting. One unit for every other cat 
would THLE ze shadow The low 


careful shielding and 


the light 


mounting require 
pecial attention to control 
This method creates a novel effect and 
lends itself to the of walk 
way, parking lot, and landscape lighting 


But such a 
other and special provision mu t be 


integration 
tem might cost more than 


made for pilferage 


Lighting’s Many Attributes 


Good lighting design he Ips to identify 


the center at close range and from a 


distanee. It simp lifie parking and pro 
viele ife circulation for pede trians in 
thie parking irea It erve to direct 


trafic flow 


eile area lt 


ind guide customers to spe 
walkwas 


recreational 


heautifye and 


mall landscaping ind 
and lending di 

bloodlight 
over-all 


identihiea 


area attracting ¢« rowd 


tinetion to the entire center 


ing buildings contribute to 
attractivere in addition to 


tion and adverts ing feature Lighting | 
ilso an effective means of vetting atten 
uch a thre 


tion for pechal occasion 


(Christma eCison (photo) 
Thou 
The hopping center management the 


idual 


realize it 


lighting has man ittribute 


retailer ind the customer 
And with the 


dollars growing 


indiy 
tangible benefit 


race for the consumer 


more hye ited ou can ¢ Kpect livhting lo 


make an even greater contribution to 


sard inereasing the attractivens ind 


centel {2 


itlion power of shopping 
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Electronic 


Although the potentialities of com- 
puters were recognized early in the 19th 
century, large-scale digital computers 
are a recent development fen years 
ago, Computers as you know them today 
were not in existence. Now such devices 
are no longer just experimental models. 
Hundreds of computers are being manu- 
factured on production lines and find 
use in scientific and engineering com- 
putation, as well as financial, statistical 
operations research, and similar data 


processing activities 


Development and Growth 


As a result of this new tool's un 
precedented growth, many thoughtful 
people make seemingly fantastic claims 
for the computer's effect on our econ 
omy—in facet, on our whole civilization. 


Some foresee a second industrial revo 





lution and look with concern on its 


LARGE-SCALE DIGITAL COMPUTERS, such as the IBM 650, are being manufactured on social effects. Others point out the 
production lines by the hundreds and find use in scientific and engineering computation j | 


as well as financial, statistical, operations research, and similar data-processing activities. striking engineering and seientifie ad- 


vances made possible only by performing 
in minutes or hours lengthy calculations 
that would be utterly unjustified eco 
nomically by old-fashioned pencil-and 
paper methods. 

An article titled “H-Bomb: [ts Story 
in the Christian Science Monitor. July 
22, 1954, quotes from Dr. Norris Brad 
bury s testimony at the security hearing 
of Dr. J. Robert Oppenheimer. Speaking 
of a brilliant discovery made by D1 
Teller, whieh virtually assured that a 
thermonuclear bomb could be built. he 
said: 

‘Had this idea occurred inp 195 
1946, 1947, or 1948, or almost anytime 
before it did occur, we would not have 
known how to use it in an eflective 
military fashion ~ We would not 
have been able to make the relevant 
caleulations for mechanical reasons 

“One of the stumbling blocks in 
|those| vears was the absence of com 
puting machinery, the so-« illed eles 
tromic brains of sufficient capacity and 
magnitude to handle the type of com 
putations which were involved No 
calculating machines existed that would 
permit some of the particular problems 





to be explored 


COMPUTERS (close up of the 650) aid Mr. Maginniss, who is in charge of the group respon ' 
urthermore, the computers are much 

sible for new methods and tec hniques in the solution of engineering problems With General 

Kleetric for | > Veal he Is \l aye Sper ial | nvineerinyg Trive tivation An ilytn il | nyineer less likely lo make errors than humans 

ing Section, Apparatus Sales Division, Scheneetad {A modern machine that carries out 2000 








omputers—Engineering Timesavers 


By F. J. MAGINNISS 


to 5000 operations pel second needs to 
operate without errors for only one-half 
hour to equal the output of a human 
being computing & hours a day, 5 days 
a week for & vears— and all this without 


his making a single slip. 


Training of Personnel 


But machines alone are not enough. 
Finding qualified personnel to program, 
operate, and maintain them poses an 
immediate problem. Universities, com 


puter manufacturers, and users of the 


equipment are setting up 
courses to fill) this 


Klectric 


lished such a course to train engineers 


uv 
traming 
need, The 


u uv 
Crow ing 


General Company has estab 
and engineering assistants. This course 


is viven not only to those direetly con 
cerned with the computer's operation 
but also to engineers who are interested 
in learning how these machines can be 
made useful to them, The response has 
the 


major benefit has been the recognition 


been enthusiastic, and probably 


by engineers that many of their dav-by 
day problems can be solved by computers. 
\ design engineer will discover many 


tedious, repetitive calculations that for 


machine computation need to be pro- 


grammed only once. The application 


engineer will think of a system problem 
that could 


easily be investigated by 


automatic computing methods. “Auto 
matic -digital computer becomes more 
than a name to the engineer after he 
tries tis hand at programming one of 


his own problems or sees the computer 


run through a job he has previously 
done the hard was 


One of GE's analytical 


digital 


COMpone Hits 


has been using computers for 
nine vears, and during this time the 
computers have helped ino more than 
2OO different projects within the com 


ponent 


Mathematics of Engineering 


Before turning to specific engineering 
problems, lets answer these questions 
What kind of 
putet / is it like 
with a desk 
differ from a thinking human being? 

Let's suppose that 
You see a sign by the light switch 
Please turn lights off 


a tool is the digital com 

an engineering assistant 
calculator? how does it 
vou are leaving a 
room 


reading. when 


you leave the room.” Probably vou will 


follow instructions unless others using 


the lights are left behind Not so with 
the electronu brain. If ordered to 
turn off the lights, it would turn off the 


lights. Computers can't use judgment 
unless its programmed into them, 

But now suppose the lights are nol 
You read the sign 


onoin the first place 


subconsciously realize doesnt 


and go on about vour 


apply to vou 


business hardly giving the lights a 
thought But the poor computer prob- 
ably stands there and beats its brains 


out trying to figure out how to turn off 


a light that is Po have the 


think 


he sure vou have figured 


already off 


computer do what you you are 
asking it to do, 
out all the angle Sy 

When an ¢ nyeimeertiv assistant solves 
a set of simultaneous linear equations, 


she consults her fund of stored knowl. 


edge and follows a learned routine. The 
computer cant do as well, unless fur 
nished with a similar fund of stored 
knowledge. It can only add. subtract, 


multiply, divicl Compare and perform 


other simple operations 


lo hoe a> 


ussistant the 


proficient as the engineering 


computer must be edu 


cated. In this process the assistant tabu- 


lates all het leps and stores them svi 


holically on punched cards or then 
equivals nt magnets drum Liapoe ot 
some other forage medium that. the 


computer can recognize Phis recording 
ol thre ! 


transterable to the computer copstitutes 


istants knowledge in oa form 


a subroutine that is filed for future use, 
Later 
solved 
main routine 
all the 
Lion 


well as the 


when similar miuist be 


this 


equation 
ubroutine placed isthe 
upplies the computer with 
necessary background tnforma 
enabling the computer to do a 


engineering assistant — ons 
faster 

Phu itt) a ove 
first 


routines ) 


COMputer Vou titist 


useful sub 


able lo 


build up a library of 


ou ll 
command — the 

to extract the 
data to a 


want to be 


machine to invert a 


roots of a pol 


matrix 


nominal, to fit curve, and to 


perform other functions. You must not 
only give the machine a set of rules for 


keeping track of the decimal point at 
routine to 


itself for 


all times but also set up a 


check 


make the compute! 


errors-—one that cannot always be pro 


crammed Into an engineering assistant 


Engineering Problems: Design... 


cannot be 
let's divicte 


pl oblems 
But 


them into broad areas to tlhustrate the 


I nyeineeriny 


( ompletely categol ized 


variety ol problems metoinoa typical 
engineering organization, By discussing 


problems in each area, Vou II seve? haw 
digital computation speeds up problem 
solution. 

\ design engineer has two funetions 
One is creative: the decision to use new 


materials, methods, and processes to 
produce a better product that can bene 
fit both user and manufacturer. In pet 
forming this function, the design engi 
his cus 
His 


satisfaction comes from the knowledge 
that he ts 


heer does the most good for 


tomer, employer, and himself. 


making an original contri 
bution 
Although nonereative, his other fune 


tion has importance, too calculating 


maximum flax and current densities in 
the 


size and number of turns, keeping within 


equipment choosing proper wire 


determining hot 
losses eth 


voltage ri 


current density limits 


sprol lemperatures stresses 


ereneries, Lorques forces 
dients. plus a multitude of other variable 
that afleet the performance ol 


Mainly 


these calculations require very 


puntata 


the equipment bemg designed 
rovubine 
little brain power. TE the equipment does 
pectication, something 
and the 


decision ol 


fiol theet al 
varied calculation. re 


But thre 


iritist bee 


peated what to 


change and how much is usually fairly 


routine. And here the automatic digital 


computer enter thre preture 


\ routine design caleulation char 


actertistieally oomeludes the engineer 

use of curves. When checking out a 
design by hand, he spends much time 
looking up information from charts that 
have evolved over the vears or that are 


solution bor the computer 


graphical 


to carry out these caleulations, a means 
for looking up data from curves must be 
huilt inte its memory. If these curves 


there is no 


substitute 


are solutions of equations 


problem: the machine just 


the propet value of the variable into the 
equation If they are empirical data 
ome curve-fitting technique must be 
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HUMAN BEING would have to compute 8 hours a day 5 days a week for 8 years without 


error to equal half-hour output of modern computer suc h as the IBM 702 or 704, which 
carries out 2000 to O00 operations pet econd, also operating without error 
used. An equation is evolved to repre- electric intensity or the magnetic flax 


ent the given curve within the required 


limits of accuracy and the coefhicients 
of the equation stored in the computer 


Mmiemaory 


Field... 


When confronted with a field prob 
lem, you look for quantities not local 
ized in space, For example, you might 
find the 


Certainly 


want to temperature of the 


water in a lake no one mum 


her can be given as the temperature of 


the whole lake. Near the surface where 
the sun hits the water, it will be warm: 
near the bottom, it will be cooler Phe 
shaded surface will be cooler than that 


in the sun. Tf a small stream flows into 
the lake, its 
the lake 


And so this is a field phenomenon, You 


temperature will influence 


lemperature where it enters. 


have to determine the fluid temperature 
lake a 


field. Thus your problem can be solved 


throughout — the temperature 


only ifa numerical value can be put on 
the temperature atevery point in the field 

Similar problems may include veloe- 
ity fields 


determining the gas velocity 


atevery point in a jet streams electri 


ol Triage de ti fields le termining the 
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density in portions of electric machinery: 
and pressure fields— evaluating the max 
imum pressure loading in the journal 
bearing of a large rotating machine. 
Phe answers to all these field problems 
are evaluated at every location in a given 
space. Practically, only a finite number 


In the lake 


temperature example for instance, let's 


of locations are considered 


simplify the problem by using the 


temperature on the surface of the water 
Next, lay 
of lines on the lake’s surface and deter 
of the 


down a ¢ hee kerboard array 


mine the temperature at each 
intersections of these lines 

You see how the problem has been 
simplified, Instead of trving to obtain a 
solution at every possible point in space, 
you limit yourselves to, say, 100 space 
locations. Knowing the temperatures at 
two adjacent points, you can make a 
fairly accurate estimate of the variations 
between points. 

In yeneral, field) problems can be 
translated into partial differential equa 
that 


numerical means rather than analytical 


tions usually must be solved by 


means. Again, the automatic digital 


computer enters the picture 
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First, estimate the answer—such as 
the temperature at all the intersections 
of the network in our example. Then 
follow an iterative procedure, modify- 


ing the temperature value at each point 


on the basis of certain mathematical 
rules. When this procedure has been 
carried out enough times, you'll have 


approximately correct) values for the 
temperature at all the points. The extent 
of the answer's accuracy depends largely 
on the number of iterations and how 
fine a network of points you laid down 
in the field. A simple field of LOO points 
can require tens of thousands of caleu- 
lations to obtain a satisfactory solution 


Think how this number would multiply 


if you considered 1O) times as many 
pomnts or the depth of the lake. Only an 
electronic computer could solve your 


problem in any reasonable length of 


time. 


Electric Power System... 


To solve the eleetric utility engineer s 
problems originating with electric power 
specialized computers of the 


How 


this type of computer differ from the 


systems, 


analog variety are needed. does 


digital? The digital computer does 
arithmetic just as you do using tui 


bers. Only the number of digits carried 
limits the precision of the results ob 
tained from a digital machine. Some 
digital-computer routines have been set 
up to use as many as 20 significant digits 
im every operation, although as a rule 
only 6 or 8 are used. 

The 


actual measurement of some physical 


analog computer requires at 


variable to solve the problem. The a-« 
network analyzer is an analog computer 


made up of models of the various 


components of an. electric power sys 


tem-—generators, transformers, trans 


mission lines, and others. These are 


miniature of 
and the 


interconnected, forming a 


an actual powell system: 
quantities of interest such as voltages, 
currents, and powet flow are measured 
by reading meters connected into the 


You 


precision only to three or four significant 


system, can read a meter with 


digits. 
One Important power system problem 


load-flow 
Predictions are made 


study—recurs continually. 
as to where new 
power system customers will be located, 
their 


will be, and how much load growth will 


much requirements 


how power! 


occur among the customers 
Then the 


mine how his company can best supply 


present 


utility engineer must deter- 


this load. This involves many questions: 








What new will be needed? 


equipment 


where should new transmission lines 
be located? will it be desirable to inter- 
connect with a neighboring — utility 


company? will the system be 


able to ride out the sudden shock of a 


power 


lightning stroke? where and how much 
reserve generating capacity Is required 
so that an unexpected outage of a gen- 
erator will not affect service continuity? 
Phe a-c network analyzer is frequently 


used to obtain some of these answers. 
Some power system engineers have 
looked into the possibility of using 


digital computers in this type of load- 


flow calculation. But practical applica- 


tions have been slow. Few. electric 
utilities have the large-storage-capacity 
high-speed digital machines necessary 
for this kind of work, Being a physical 
model, the a-c network analyzer adjusts 
itself naturally to carry the right amount 
of current in every circuit, keeping the 
system in equilibrium, With a digital 
a vast number of 


computer however 


equilibrium conditions must be estab- 
lished mathematically. To compete with 
the network the digital come 
fast. The 


size and intricacy of the modern power 


analyzer 
puter must be tremendously 
system would require a powerful digital 
machine 

Studie that a 
puter method could be feasible for the 
load-flow 
those containing no more than 24 lines. 
The results that the digital com 


puter could compete with the network 


indicate digital-com 


work in the smaller systems 


show 


inalyzer, economically and timewise 


\nother power system problem con 
cerns its operation following a disturb- 


ance, say a lightning stroke. The system 


may lose synchronism and be put out 


of service te mporarily. lo prevent sue h 


many COM panes 


Occurrences power 


make studies on the a-c network analyzer 


to see whether two or more parts of the 


stem might swing apart during dis 


turbanees. In the past, tedious hand 


calculations were alternated with net 


work-analyzer measurements in such a 
problem, To speed up these studies, GE 
added to its 


device thie 


inalyzer a special analog 


swing curve calculator. 


... and Trajectory 
Not all engineering jobs handled by 


computers directly benefit) industry. 


Phe militar 


hed nature 


instigates many of a classi 
However. in the field 


have rec ceived wide 


those 


of missile trajectory 


publicity Phere are two types of 
missiles: those in free flight after leaving 
a gun: and those guided by a control 


system to travel a prescribed course, 


From your you ll 


phy sics) COUTSEeS, 
remember that an ideal missile traveling 
in a vacuum follows a parabolic trajec 

tory. If you know only its initial velocity 


and angle with respeet to the hort- 
izontal, you can immediately determine 
the highest point of its flight, its range, 
time it will take to reach the 
Sut in real life, you do not have 
Thus it 


to use computing equipment, 


and the 
target. 
ideal conditions becomes im- 
peralive 
Differential equations that can be solved 
step by step along the path of the tra- 
deseribe the 


Actual conditions prevailing 


jectory motions of such 
projec tiles 
at each instant of flight are factored in. 

The tremendous speed of some of the 
enables the 


modern often 


computers 
computed trajectory of the missile to 
be traversed much faster than the actual 
Many 
tured were used to prepare firing tables, 

Phat a built-in 


or an external control system. to keep 


early computers 


one, 
ome missiles contain 
them on course presents only a minor 
compli ition Depending on the com 
plexity of the control system. more or 


less added to the 


that expresses the equilibrium of forces 


term ine equation 


acting on the missile —only a question 


rhe kind 


ol de re ¢ 


The methods used for determining 
the paths of shells and other massive 
missile vere ipplied also to electrons 


Other 
electrons ip 


thie mallest missiles problems 


studied are the paths ol 


vacuum tubes subjected to various 
kinds of electric fore ind the paths 
of the electrons projected down the 
picture tube of your PV set putting 
an image on the sereen 


Economic Studies 
Without digital 


pt oblems probably 


computer many 


economn would tel 
be carried out. In the faee of rising 


electricity bas remained an in 


price . 

EX PELIsiVve ervant. For utility enyineers 
continuall eek wat lo keep the cost 
of eleetricit low by improving the 
eflrerene of their operations The 
make sure that electricity is alwa yen 
erated where generating and delivery 
cost ire low Man factor enter into 
an economic engineering analysis” of 
this kind. Let issume that a power 


system is in operation. An industrial 


custome! ihout to start operations for 


the da ill 


electric powell 


require i large amount of 


Which generator on the 
powel tem should pick up the load? 


The utilit 
of the additional load will de pe nd on the 


compan incremental cost 


incremental fuel cost at each of the 


power stations on the system. You must 


also consider whether a water powet 


station or a steam station is involved, 


Although the fuel cost is zero in dollars 
station, the water 


for a water 


power 
used up may not again be available, 
The getting the 


power 


incurred in 


loss 
from the generating station to 
the customer also afleets the economic 
Electric current, like 


water, follows the path of least resist 


deliver \ ol power 


ance, Fore ing current to travela high re 
sistance path appreciably raises the cost, 

\ similar economie problem arises 
when one utility sells power to another 
and for geographical reasotis delivers il 
facilities of a 


across the transmission 


third interconnected system, How much 
should this innocent bystander charge 
for the additional system losses incurred 
as an intermediary? 

Phese economic problems usually in 
volve” lengthy matrix manipulations. 
Without a high speed computer 
lations would require so much time that 


Vstem watts up 


the results would be worthless. Vhe 
dispat her ona powell 
tothe 
to aid in making the best po sible dis 


minute information at all time 


tribution of his product electri powell 
A slightly different problem confront 
an electrie uuility company tn maintain 


my reserve generating capaeity to mies t 


power demands The eleetrit powel 
husiness differs from the usual run of 
business because its product cannot hn 


warechoused. Generation, transmission 


and distribution are instantaneous and 
Phe eleetrienty that livhit 


with the 


on demand 


your lamp is manufactured 


turn oof the lamp switehs produetion 


ceases when the switeh is turned off 


Naturally 


must be 


core * o-called preeeenienye 


avatlable lo upply ull 
ol peak load The 
hotlers 


station equipment will de pend on many 


reserve 


expected number 


of generators mil other central 


factors. including the forced outage rate 


for the reasonable a 


equipment If 
rate can be 


de ler 


about these 
methods will 


Summ plions 


made probabilit 


miihe how raat hour or da pet Veal 


the station will be unable to meet the 


jr ah load le mands 


Other areas of engineering problems 


where automatic digital computation 


have proved of value inelude eireuit 


stress and vibration. electric machines 


statisty and operations researe hh. The 
ipplicabalits ol 


univel il 


these 


enginecring 


electron computer constitutes 


a potent factor im our nation con 


stantly rising standard of living. @ 


17 














ad 


ANALYTICAL ees" INORGANIC 





Phenomenon involved when a tool tip shears 
through a metal is still being investigated 


Chemistry in the Electrical Industry 


Undeniably, a major factor in’ the 
progress of American industry is) our 
activity and knowledge in- the bast 
creneces Discover resulting from 
such work improve old) products and 
cereale new one 

How effectively me material ind 
processes reflect these crentity ad 
vances determines the expansion rate of 
our industrial output--and the rapid 
rise of our standard of living An ex 
ample of expansion and growth, based 
in large part on scientific achievement 


is the electrical industs 


Seldom perhaps is the chemist a 
sociated intimately with the electrical 
industry. Yet he is there, New material 


and proce ( ia) ba lt lo provre ive 
his handiwork. In this era where ad 
vanced engineering concepts bid fair to 
outstrip the capabilitie of material 
the chemist play ino mmereasingly im 
portant rol 

Within the amalgamation of science 
and technology called tndusts ive four 
branches of chemistt inalytieal, in 
organic, organic, and physical, Chemist 


in each area work within fairly definite 
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By DR. R. M. BRISSEY 


limits, though sometimes their work 
overlaps This is party ularly true of the 
physical chemists 

Sut let's consider separately and in 
equenee some ol the contributions and 


‘ hallenves 1th eae hh brane h 


Analytical Chemistry: Two Questions 


Phe analytical chemist’s primary job 
is aliswering two important questions 
What is it? how much? Frequently it’s 


dificult to get answers to these ques 


tion simple as they may seem. Often 
they are the key to solving some vital 
problem 


In the eleetrical industry, analytical 
chemists continually supply data essen 
tial to research in chemistry and metal 
lurgy. Some seek an elusive chemical 
factor responsible for production dith 
culties or product failures. Others con 
eentrate On TM proving analytical me 
thods to assure that materials will meet 
pecihe requirements 

In hi quest for answers, the inalytical 
chemist increases his use of instruments 

lo identify components, he uses the 


pectrograph which records the in 


tensity of radiation emitted by samples 
subjected to an electric are, or spark 
Krom information thus obtained, the 
chemist rapidly gets quantitative results 
that answer the question: How much? 

With an x-ray spectrograph he can 
accomplish the same result. Here the 
sample is subjected to intense x rays 
Characteristic x rays in turn emitted by 
the sample are a measure of the elements 
present. Relatively simple, x-ray spectra 
are easier to standardize than the spectra 
from a regular spectrograph 

Another method the analytical chem 
ist employs is x-ray diffraction for identi 
fving materials by establishing thei 
atomic arrangement and spacing Vacu 
um-fusion analysis furnishes him with 
data on the oxygen, nitrogen. and hydro 
ven content of metals. Infrared and mass 
spectroscopy assist him in establishing 
the composition of complex nonme tallic 
materials that for all practical purpose 
cannot be chemically separated 

Results obtained = by 


chemist contribute to successtul re 


thre inalytical 


search, development, and production 


sometimes opening new fields of knowl 
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edge An inal “1 of blac k film on the 


commutator i motor, for example, 


is an entering edge in an electrical 


problem that baffled engineers. Metieu 


lously performed and wisely interpreted, 


this analysis led to important new 
know le Ie concerning the effect ol 
chemical films, moisture, and environ 
ment on sliding electric contacts 

empha is toda is on materials 
understanding their behavior and im 
proving their performance Add to this 
ther nereasing complexity for eNX 
imple in high-temperature metallurg 

and ou see how important are the 
Iwo question in analytical chemist 
must an ( 


Inorganic: Everything But Carbon 


Phe inorganic chemist deals with the 
ehavior of Compounds based on all the 
ements except hon 

What are h contributions? Let 

examine ¢ rosion because tat 
lmportance l Man Hdustrive pal 
ticula ( t il industry 


Muel i the chemist! involved in 


i it prevention 1 maint 
Iie if (Lhemica Processes Com 
mont ised tain protective film 
tiny in hve in 
Nature own vile 
| I noineh thick pre 
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cheng il pohie nomena. ph 


il chemist ipeye wal | | che ea 


over the cuttin tool Tipe, Canal i 
lubricating tive lip heat through 
metal. Chemists have found that reac 
Live clement int i eutling liqpuid 
trikingl illeet a tool lite snd the 
quall of the metal surtace a vell 

Lhe Puenomenon itt ol ed vhen i 


tool i) heal through a metal j till 


far from bemge thorough understood 





Yet the chemist beheve that with man 
metals active chlorme or sulfur on the 
metalworkin flute veatlisenes the cut 


Litige copped itten 


hor an extremel imipole concept ol 
this phenomenon isualize a chemical 
reaction between the metal bemyg cut 
rod the aetive hlorme or sulfur on the 

orking Huid. Remember that this reac 
ticeth Lake pela under the influence of 
extirernny heal tied pre ure il thre tool 
tip. Phe product { this reaction rather 
than) thye rie itself ie heared b 
mechanteal | oe on the cutting tool 

(ohrenmin ‘ bron { thi ort can be 
extreme! nilheant i oa machming 
eration. Realizi the importance of 
metalworking to the electrical industs 

j tl elude that tha held 
need hve talent | thy inorgany 


chetiist 


Organic: Carbon Is the Keystone 


Ot all the etallie materials used 
mi the eleet dias ty far the 
eal nul ‘ i! material 








ORGANIC POLYESTER RESIN IS USED IN A SHIELD THAT MINIMIZES VIBRATION PROBLEMS. 


Generally speaking, organic material 


have structures based on the element 
carbon. Other element present may be 
hydroge n oxypven nitrogen and o¢ 


casionally metallic elements. Paradox 


cally silicones are also considered 
organ product though thre oxyven 
silicon linkage that forms thetr bael 
bone is Inorganic in character 

In recent years the organie chemist 
has produced an abundance of new 


chemical materials. utilizing 


Prope rly 
them to improve product and simplify 
produc tion require talented and versa 
tile Organie ¢ hemist Such chemists en 


pape in two broad Ly pu olf work 
material development and application 

Material developm nt involves chemi 
cal synthesis, or the building up, of new 
compounds It can also mean modifying 
le produce a 


Material ap 


with 


ome existing compound 
desired set of 
plication, on the other hand, deals 


prope tie 


electing and evaluating a material —ot 


combination of material for use ina 


product oral produ tion 


Logically you probabl think first of 


insulation when con dering organi 


chemists in the eleetrical industry 


Rightly so. This is a 


haya area ol 


interest 

Many yothetic materials of recent 
origin are appearing in today’s electrir 
equipment, They permit higher operat 


ing temperatures, decrease the volume 


needed im ¢ lee tri 


of insulation equip 


ment, and may also implify manulactur 


ing processes | xample sof such insulat 


brie lude polye ters 


ing material epox 


ides, silicones, and polyurethane all 
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falling under the general heading of 


rear poly mers, 


Polymers are materials made up of 


giant molecules formed by a considerable 


number of simple molecules in combina 


lion Numerous chemical Variations 


occur within each polymer family 


depending on the exact nature of the 
simple molecules and the conditions 
they react under, which influence phiys- 
ical and electrical properties obtained, 


The variety of organic polymers de 
: | 


mands the talents of chemists who 
understand this expanding field They 
must astutely evaluate and select mate 
rials that will) contribute most to 
progress, Wire enamels, film insulation 


and electric insulating varnishes are ex- 
amples of such materials. Thanks to these 
deve lopments the design engineer could 
vel more power trom electric motors 

Recently from the laboratory emerged 
anew wire enamel taving much bettes 
temperature stability than its predeces 
or \ product of organic chemistry, it 
will have far-reaching effects in’ the 
electrical world 


Interest in polymers Is Inereasing in 


another area: struetural plastics Glass 
in the form of fibers, cloth, or other re 
inforcements is treated with resin and 


then shaped and cured to get structures 
low in weight but high in strength. 
Structures of reinforced plasties are 


well suited to electric equipment re 


quiring nonconducting or nonmagnetse 
Noncorro 


vive 


plus strength 


prope rte 
dible, 


unusual strength in specific directions. 


they can be designed to 


Frequently you can form them into 





readily 


metals. Structural plastic s can serve as 


unusual shapes more then 


shields or housings where vibration is a 


problem because the structure can 


rapidly absorb the energy causing 


vibration, 
The resins produced by the organics 
more to 


ally. encapsulation involves pouring a 


chemist are used more and 


encapsulate electric equipment. 
liquid resin into a mold surrounding an 
electric component to insulate support 
and protect it. Then the resin is cured 
to a solid state by 


adding another reactive chemical. 


either heating it or 


In this manner, too, portions of ele 


tronic cireuits are encased. Small recti 
fiers, instrument transformers, and 
motor windings receive similar treat 


ment, Spee ial properties — sue h as flexi 
bility. 


and 


coetheients 


matched expansion 


thermal conductivity——are some 
times needed to meet required opera 
tion. Naturally, these properties demand 
that organic chemists synthesize resins 


establish suitable 


and operations for 
production. 
Lubricants—another area for the o1 


ganic chemist——will grow in importance 


as technology moves to higher tempera 
tures. 
For the 


mae hiner \ 


most part, oils and Yvreases 


used in operating at high 


temperatures are based on synthetie 


Their 


been improved from time to time by 


compounds. performance — has 


adding organic materials that act as stab 


ilizers to inhibit, or restrain, oxidation 


Organic chemists continually strive 


to impart the elusive property of better 
and that are 


lubricity to oils 


stable at high temperatures. 


greases 
Lubricity 


is the ability of thin films of a substance 


oil, for instance-——-to reduce friction 


between materials. The chemist’s goal: 


lower friction at higher pressures so 
that more combinations of materials 


will operate at higher speeds and tem 
peratures 

Ihe use of adhesives in the electrical 
industry is stimulated by the properties 
that the 


with some of the newer resins. Properly 


organic chemist is obtaiming 


applied synthetu adhesives vreatly 
simplify manufacturing. But as good 
as today’s adhesives are, chemical de 
velopments aimed at still better ones 
are under way 

Some of the resins the organic chem 


ist uses in adhesives are also important 
in paints that protect and decorate In 
this field of protective coatings unusual 
environmental conditions confront the 


chemist at times. Solving such problems 











means selecting a protective finish, then 
laboratory or 
finally 
making recommendations for its use 


Many 


quired in the 


testing it either in the 


under actual conditions, and 


nonmetallic materials are re- 
electrical industry, pre 


senting a tremendous challenge — to 
organic chemists. For example, product 
engineers frequently wish for some new 


material with 


such unique properties 
that. if available. it would revolutionize 
their product. Organic chemists do 
meet some of these demands. Among 
the new materials they ve created, many 


promise to fill the demands of othes 
unusual « nyvineering appli ations 
in one application creates 


other 


But SUCCESS 


demands for materials in new 


i result, materials with 


applications. As 


properties “4 ircely dreamed posstbl a 


lew vears ago are now commonly used, 


kor instance, silicones are noted for 


their stability under temperature ex 
tremes. Also, the epoxide resins shrink 
very litthe when cured—a highly im 


portant property in any molding opera 
Additionally 
sistance is excellent and their adhesive 


Another 


poly urethane 


tion their moisture re 


properties outstanding exam 


svnthety rubber 


ple, 


shows unusually good wear resistance 


The engineer in the electrical indus 
iry fully recognizes the importance of 
new materials development. The organie 
both the and 


chemists in electrical 


chemical industries are making great 


continuance of 
The 


materials are 


contributions in the 


the se de velopments degree lo 


which created and 


applied substantially reflects their knowl 
edge and skill 


new 


Physical: No Bounds 
The phy 


ol obse ure 


sical chemist works in a field 
work ove 
and all 


on the other. In 


boundaries. His 


one side 


laps physies on the 


branches of chemistry 


an effort to analyze chemical phenom 


ena the laws of physi s to 


he applies 


chemist! Kvery day these physical 


chemical concepts help in) making in 
dustry s product 


Po understand, say. semiconductors 


chemist) studies atomic 


the physical 


structure and energy levels within 


materials. He may study the mechanism 


or rate of chemteal reactions with differ 


in mind: to prepare a new 


ent objectives 
compound or to establish a satisfactory 


procedure for curing varnish in an ele 


tric motor. Studte of how insulating 
materials behave under extremes of 
temperature ilso call for physi il 


‘ he Trile il la 





INFRARED SPECTROPHOTOMETER HELPS ESTABLISH COMPOSITION OF NONMETALLIC MATERIALS 


\s part ol his job. the phiy ical chem 


ist sometimes pred ts the performance 
and character of materials useful to the 


electrical industry Lake yreases oils, 


He may measure 


relate it) te 


and fuels, for « xample 


then Vapor pressure and 


evaporation deriving some mathema 
tical relationship between the two 

surface 
important to untold 


And these. too 


Phenomena at a material's 


include = faetors 


numbers of operations 
are subject to the physical chemist’s 
attention. The absorption or diffusion 


of water, for instance, can affect pet 


formance of an insulating material. It 


can change the trength of structural 
plastic s Ur i 
havior of photoelectric devices 

Sliding 


Importance to 


may influence the be 


electric contacts of great 


industry, involve the 


application of physies and chemistry in 
the study of 


On a motor 


their performances 


commutator, thin film 


so thin that they must be viewed 


under a Microscope ofley Varying re 
current. Re 
tance to the film’s thick 


of the physical 


sistance to the pra sue ol 
lating this resi 
ness 1s onl ore i pect 


chemists investigation of this proble m 


Liquid lielectri insulating fluids vital 
to electric power transmission and 
distribution —are also in his field. The 
physi il chemist strive to correlate 
dielectric trenyth to molecular prop 
erties and tf inalyze what happens 
when a liquid tressed by voltage. a 
phenomenon not yet fully understood 


urface chemistry ts 
bulky 


such 


Another facet of 
that of filles the 


formulating 


ubstances 


materials as 


plastic s and rubber Phrough research 


on fillers, the physical properties of 


many materials are improved Phe im 


proved mechanical strength of silicone 
rubber over the past three or four year 
attests to the Im portane eof the pliy ical 
chemist in this work 

His approae h is also Hmiportant to the 
understanding and control of corrosion 

another familiar surface phenomenon 
The same could be said of frietion, weat 


and lubrication 


Overlapping Interests 


You probably noted the overlapping 
of the 
electrical industry 

Only a 
trieted to a 


chemists) contributions to the 


unique undertaking ts re 


ingle braneh of science of 


engineering a tenet applying equally 


to chemistry. The analytical chemist 


lise Prhcorgrearide and Orval chemi try 


plus the laws of pliy sical chemistry. The 


organic chemist uses analytieal and 
physical chemists And a inilar 
interplay is involved in’ the other 
branches 

hough the chemist Possess yreat 


skill and knowledge. final utilization of 
material of 
engineer, Manufacturing, too 


before ht 


chemical principle rest 


with the 
plays its role tribution of thre 
either as part os ill of a 
finished produet— to at 

In effeet, then. the 
ignificant technological team. Hi 
deals with 


the i he 


material 
ultimate uset 


chemist belong 


loa 
contribution is basie, for it 
the science of material ind 


havior-—two factors vitally important to 


‘) 


the electrical industs 
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Integrating Two Professions: Engineering and Sales 


So often the onls ssful route to 


sulci? 
business or professional success seems 
to lie in the complete sper jalization of 
studies, But one of the more encourag- 
ing signs in a few colleges and universi 
the recent from this 


Fake, for field of 


rebirth of pride in the 


lies Is trend away 


practice instance, the 
medicine: The 
almost general 


forgotten practitioner 


reveals his contributions and opportu 


nities while taking nothing away from 
the sper jalist 
Chis situation parallels engineering 


and sales. An explanation may enlarge 


your understanding of three major 


structure the 


within this impor 


aureus 
tance of the sales function to the engi 
neer; the close integration of engineer 


and some opportunities 


ing and sales: 


within the sales-engineering profession 


Undergirding Industrial Productivity 


lo the engineering profession goes 
the credit for the engineering and scien 
that under 


lifie advanees in technology 


gird industrial productivity the source 


of America’s high standard of living 


But 
or the distribution man puts the engi 
Production 


the salesman, the marketing man 
neering advances to work 
goes to only one of two places: the con 
sumer or inventory. Thus as we sell 
su shall ve live 

Not all buying decisions can be pre 
dieted on filling expressed needs: a third 
are either made impulsively or as op 
tional choices, The Importance of sales 


efforts rests not only in making good 
use of technological advances but also 
in achieving statistical goals that reflect 
the nation’s progress 

Based on this one-third buying, fore 
casters could add a bold-faced footnote 

All this will happen only by an all-out 
effort 


timistic estimates can be meaningless 


sales otherwise the most op 
Buying the future with a bag of statistics 
simply cannot be done 

Nothing happens until somebody buys 
that 


factory 


something. Estimates indicate one 
industrial salesman keeps 31 
workers busy 

Now, if new factory jobs are created 
through extra sales effort or additional 
the results take on 
(According to 
the Keonomic Research Department of 


the U.S. Chamber of 


sales Mmanpowel 


even greater importance 


Commerce thre 
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By W. V. O'BRIEN 


creation of LOO new factory jobs in a 
community has far-reaching effects: 296 


people move into the community; 112 
established: 51 


more children go to school: 4 more re 


more households are 


open; 107 
74 additional 


are created; personal income in 


tail businesses more pas 
senger cars are registered: 
Jobs 
creases by $590,000; new bank deposits 
$270,000: and 


$360,000 annually. 


sales 
hese 


figures re-emphasize the importance of 


amount to retail 


merease by 


selling as the beginning, not the end, of 


a dynamic process, 


Need for Integration 


Although the effects of such sales 
efforts should be noted, 
look the needs. A 
forecast of the 


mates that our gross national product 


let’s not over- 
recent long-range 


nations economy esti- 


by 1970 will be almost 50 percent higher 


than today’s. But to reach this figure, 


the average annual residential use of 
electric power will approximately triple 
today's usage, reaching 7700 kw-hr. 

\ new industry-sponsored program, 
Live Better Electrically 


he the largest mass-market development 


believed to 


program ever undertaken—shows the 


sales efforts matched to pro 


need for 
ductive abilities. A major investment in 
men, time, and dollars by all segments 
of the 


selling every 


electrical industry, it aims at 


American on the idea of 
better living through electricity. 


seyment 


\dvertising——-an important 


of the selling function—has frequently 
heen a favorite whipping boy of some 
as that ol 
President 


General 


professional areas such 
But 


American 


medicine recently, the 

of the Academy of 
Practice cited several pertinent contri 
butions by pharmaceutical manufactur 
ers for which physicians are grateful, 
including the financing of publications, 
defraving of convention costs, visual 
aids, and so on, 

And advertising also shares in finane 


ing the sources of engineering informa 


and 


Sale § 


Pre side nf 
{pparatus 


hlectric 


Vr. O’Brien is Vice 


General Vanager 
General 


Division Company 


New York, NV} 


tion, technical 


including our great 
journals. 

When the sales and engineering pro- 
fessions are largely pure, or distinct. a 
CoOn- 


thorough understanding of thet 


takes on a real 


tributions to each other 
significance. A popular misconception: 
engineering are always dis 


While certainly not 


true in the producer-goods field. it may 


sales and 


tinet professions. 


be in the consumer-goods field. With a 


completely pure separation, the narrow- 


may hurt both 


channels pro- 


ing of 
fessions and the individual as well 
Basically, of course, the interconnec- 
need for each engi- 
to sell 


ideas, his plans, and his methods. 


tion lies with the 
himself. his 


This 


shouldn't imply any loss of dignity ot 


neer and salesman 


any resort to the outmoded tactics of a 
huckster; neither should it permit the 
working habits of a lonely recluse who 


would wait to be discovered. 


Areas for Sales-Engineering 


General Electric marketing functions 
serve as an example of the much larger 


areas closely integrating sales and engi- 


neering (Box). The scope of these 
integrated functions: reveals the vast 


opportunities that reside within the sales 
engineering profession. The same close 
alliance of engineering and sales exists 
to a large degree throughout industry, 
including the electric utility industry 
The marriage of sales and engineering 


assumes particular significance in’ the 


) 


Some percent 


produce! goods held 
of all the 
find 


J 

) 
recruited by GE 
\ppa 


which has the 


engineers 
many 
Sales 


opportunities im the 

Division, 
responsibility for the salé of producer 
goods. 

Comprising the heart of the sales 
engineering team are the engineers who 
SErve 2B @.« « » 

e SALES ENGINEER—the direct contact 
concerned with the patterns of customer 
satisfaction: likes and dislikes, past pur 
chases, buying habits, and future plans 
Requirements: a sound engineering 
background plus the perseverance of a 
reporter, wisdom of an elder statesman. 
tact of 


teen-ager, patience of a teacher, and th 


a diplomat, enthusiasm of a 


broad shoulders of a country doctor 


@ APPLICATION a special 


ENGINEER 


ist in systems and, in a sense, a con 








sultant for the customers’ engineering 


problems. Requirements: a detailed 


study of the application of electric 
equipment to industrial processes, knowl- 
edge of the customers’ operations, and 
the familiarity with products necessary 
to solve the customers’ problems. 

e Propuct SPECIALIST—an expert in 
a specific product line, who brings ex- 


tensive knowledge of a particular ap- 


paratus, including design and applica- 
tion features, to the solution of the 


customers: problems 
@ SERVICE ENGINEER —once the equip- 
ment is sold, he assumes the responsi- 
bility for making certain that the equip 
installed 


efficiently 


ment is properly and con. 


linues to operate while in 
service 

Other supporting areas of marketing 
contribute to sales success, both in the 
field and at headquarters: field service 
shop operations and headquarters an- 
alytical staff. The latter 


immeasurably helps the sales effort by 


> u id ar 
engineering 


aiding in long-range system studies and 
establishing utility company needs with 
the most modern limesaving equipment 


New Fieids Offer Opportunities 
field as 


nucleonices needs the sales-engineering 


Kven such an advanced 
function. A design engineering specialist 
at Hanford Atomie Products Operations 
(HAPO), Richland, Wash., recently ob- 
served: “The term ‘nuclear engineer’ has 
understood to describe 


technical de- 


generally been 


engineers who conduct 
velopment and design. In so new a field, 
development naturally receives the most 
prominent attention, and the need for 
this funetion will continue to be a major 
one. But the transition from the initial 
phase to full-fledged industry will bring 
into prominence additional functions.” 


application engineering 


functions include: sales and 


representing 
the product to the customer and match- 
ing its characteristics to the needs of 
the system and related equipment; in- 
service 


stallation and 


a complex new product into 


engineering 
putting 
service and analyzing and correcting 
troubles that may develop. 

Two relatively new fields offer further 
evidence of the professional scope and 
importance of today’s combined market- 
ing-engineering 


opportunities:  opera- 


tions research—involving the determi 
nation and application of pretested meth- 
ods of that 


make the right decisions, not ona hunch 


action help management 


but from systematic study and synthe- 
sis: motivation research—studying the 


SALES-ENGINEERING INTEGRATED WITHIN 
MARKETING FUNCTIONS 


CUSTOMER RELATIONS To 


interchange 


information; to coordinate 


sales; and to create, build, and maintain good 


relations with potential customers as well as 


customers 


MARKETING RESEARCH 


and similar fields, 


PRODUCT PLANNING 


lo study current conditions, trends, forecasts, 


lo work with product function, quality, ap 


pearam e, packaging, simplifications, and pric 


ADVERTISING AND 
SALES PROMOTION 


SALES 


lo prepare public ity. 


space advertising, and 


instruction books and do copy research 


lo engage in sales analysis, training, manage 


ment, and planning; to formulate objectives, 


policies, and merchandising programs; and to 


recommend sales channels 


PRODUCT SERVICE 


Po handle produet standards, plans and pro 


grams, warranties and protection plans, and 


service-shop operations, 


MARKETING 
ADMINISTRATION 
SERVICE 


MARKETING 
PERSONNEL as 
DEVELOPMENT 


basis of human actions and impulses, 
obviously important to the entire mar- 
keting area 

Integration in all these sales-engineet 
ing areas protects rather than impairs 
enabling 


the engineering investment, 


a company to better serve its customers. 
At the same time, this encourages the 
engineer to use his abilities over wide 
areas of opportunity 


After 


sales-engineering, engineers 


recognizing the significance of 
should look 


within then own ¢ OMpany for PrOMistiy 


opportunities ino some phase of sales 
engineering that would broaden thei 


exper lence 


Overcoming Prejudices 


The old prejudices against selling 
should he overcome. Despite the con 


tributions of the sales 


engineet loo 
many people in too many places still 
retain the old concept of the outmoded 
ill-trained door-to-door salesman. Good 
comic-strip material, it’s as outdated as 
a 1924 Kkssex 

And prejudices do exist. A’ recent 


article in) an engineering publication 


lo deal with sales forecasting, budgets 


duction scheduling, 


warehousing, and market 


bry analysis 


To reeruit, select, train, and place personnel! 


well as handle compensation, 


states: “Too many engineers turned to 


salesmanship. The word ‘professional 


means something unique, something 
that no one else except trained men can 
do It implies personal dignity and propet 
standards.” 

lo label this view as a slight miscon 


But 


everywhere you can see other examples 


ception would be more than kind 


of prejudice. Why, for example, do we 


sometimes avoid the word “salesman’’? 
Kield representatives, sales representa 
lives, sales agents, and a dozen other 
words suggest a lack of confidence in 


the word 
Young men in schools and colleges 
must be advised of the opportunities in 


the sales-engineering profession 


Someone once said that there are 
three kinds of people: those who don't 
know what's hapype ning: those who 
watch things happen and those who 


make things happen Both the engineer 
and the salesman belong in the third 
And the sales 


engineering professions 
this 


group. integrating and 


reinforces the 
men 


contributions of group the 


who make things happen. @ 


23 











TORTURE CHAMBER duplicates and accelerates severe service conditions in the laboratory. 


Authors Norman and Thompson observe surface 


There ure as you know, many 


And one of the best 


ways 


to do many things, 


ways to build and insulate electric de 
vices uch as small transformers and 
reactors is to mold, or cast, them com 


material, 
both the 


insulation and exterior 


solid 
usually plastic s. It 


plete in a insulating 
serves as 
imterior 
(July 1954 Review, page 42) 


More and more you see this type of 


casing 


construction, For in recent yeurs the 


synthetic rubbers and improved casting 


resins developed by chemists have made 
il highly feasible. Yet these 
organic, being based on the 


When electricity forks 


their surface (photo) they break 


same ma 
terials are 
element carbon 
UCTOSS 
down chemically leaving a carbonaceous 
residue, Result: an electrically conduct 
ing path called carbon tracking 


And so, 


tion appeals greatly to engineers, they ve 


while molded, or east, insula- 
usually had to restrict it to equipment 
utilized for low-voltage or indoor opera 
tion, This way they minimize the pos 
sibility of ares flashing over the surface 

A recent 


removes this 


discovery. however. now 
restriction by eliminating 
carbon tracking in many kinds of molded 


molded materials utilizing this discovery 


organic materials, formulation of 


underseores a breakthrough into many 
applications where plastics and rubbers 
were previously excluded, Even outdoor 


equipment can be operated at the high 
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parking on molded instrument transformer. 


voltages of transmission lines without 
metal outer casings and porcelain bush- 


vs 
ings. 


What Is Carbon Tracking? 
Ares that 


many types of electric apparatus. 


cause tracking occur in 


Simply opening an electric cireuit, 


even your light switch at home, causes 
flash 


oceur on the surface of high voltage in 


an are to over. Ares frequently 
sulators such as the bushings on trans- 


formers——most commonly outdoors 

where insulators are wet and dirty. 
Sparking and spitting of high-voltage 

insulators are common sights on damp 


lays in industrial areas and along the 


Both Mr. Norman and Mr. Thompson are 
with the Instrument Department, West 
Lynn, Mass. They joined General Elec 
tric on the Test Course in 1946 and 1939 
re spectively, Vir 
Chemical Development 
Laboratory 


Vorman Vanager 
Veasurements 
is concerned with advanced 
development and application engineer 
ing in the fields of electric insulation 
finishes, analyt 


organic and inorganic 


ical chemistry, and general chemical 


proble ms Vr 


Transformer 


Thompson is Vanager 


Instrument kngineering 
Instrument Department He was former 
ly associated with the Aeronautics and 
Varine Department and served on the 
staff of the Manager, kngineering. Small 


fpparatus Division 


Nontracking 
Insulations 
Spur New 

Designs 


By R. S. NORMAN 
and 


J. D. THOMPSON 


seacoast where the insulator’s surface is 
coated with a film of dirt and moisture. 
Such surface contamination provides 
paths of low resistance for electric cur 
rents to leak across the insulation. Tins 
the heat of these 


leakage currents sufficiently dries out 


arcs appear wherevet 
the dirt film to make it noneonduc ting. 
used as the 
char the 


insulation. Little spots of free carbon 


If organic materials are 


insulator, these minute ares 


form on the surface. And carbon being a 
good conductor, these spots encourage 
more leakage current. The net effect is 
like an avalanche: little tracks of carbon 
progress across the surface at an ever 
increasing rate. 

loday, engineers refer to this phe 
nomenon as carbon tracking, earlies 
known as treeing, or burnt tree patterns. 
It s easy to see why (photo, top right. 


page Bi). 


Oxidation as an Answer 


Attempts to find 
that would resist carbon tracking weren't 


organic materials 
successful. Even silicone rubber, a semi 
organic material containing few carbon 
atoms, tracked after long exposure to 
Other 


example, protecting the organic material 


severe arcing. approaches—for 


with an envelope of ceramics or glass 


cloth 
Che problem called for an entirely new 


attack. 


prot ection, 


gave no permanent 


TRI REVIEW MA 














. 


INSIDE FOG CHAMBER, NONTRACKING INSULATION COVERED WITH SYNTHETIC DUST COUNTERS THE FORMATION OF FREE CARBON, 


For three years a basic research pro 
gram was carried on to find how carbon 
tracks are initiated in organic materials 
and, once started, how they are propa 
vated, Results indicated this basie solu- 
tion: oxidize the chemically combined 
carbon before an appreciable amount of 
free carbon forms. Che oxidation me h- 
anism, whatever it might be, would of 
course need controlling. It would go into 
action only as necessary: namely, when 
electricity arced across the surface of the 
insulating material. 

Required next was an additive to pro 
controlled 


reaction when combined with the basic 


vide just such a oxidation 


organic insulation. Many materials were 
tried before the right one turned up. 


How It Works 


The additive material is physically 
interspersed throughout the base ma 
terial during compounding. Then, when 
electricity sparks across the surface, its 
high temperature breaks down the in 
sulating material's organic components 
simultaneously the oxida 


and triggers 


tion reaction. Hydrogen, carbon monox- 


ide, and gaseous hydrocarbons are 
formed instead of free carbon  (illus- 
tration). No electrically conducting 


tracks result. The only effect: random 


erosion at a slow rate unfocused on any 


one spot. 
The striking thing about this phe- 
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VOLATILE HYDROCARBONS 


CARBON MONOXIDE AND GASEOUS HYDROCARBONS ARE FORMED INSTEAD OF FREE CARBON. 


nomenon is that the oxidation reaction 


takes place solely within the insulating 


material, independent of oxygen in the 
all 

lo prove this, two electrodes were 
molded into a slab of butyl rubber 


(illustration, left, next page). Then an 
breakdown, of the 


caused 


internal failure, o1 


rubber between electrodes was 


voltage between 
butyl 


failure charred a conduect- 


by applying a high 


With 


(center), the 


them ordinary rubber 


ing path between electrodes, and the in 
sulating material no longer held voltage 


sJut when butyl rubber formulated with 


the nontracking additive was used 
(right), no carbonized path formed. The 


sample continued to hold high voltage 


between the electrodes because the 
cavity formed there tilled with gas under 
pressure sufficiently high for consider. 
able dielectric (Vhis 


shown partially cut away in the illus 


strength eauvily 18 


tration.) 
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HIGH VOLTAGE APPLIED TO THE ELECTRODES CAST IN BUTYL RUBBER (CENTER) CHARS A CONDUCTING PATH BETWEEN THEM. BUT WITH NON- 


What kind of gas formed? Its com- 
position turned out to be approximately 
55 percent hydrogen, 38 percent carbon 


percent ethylene, plus other gases. Re- 


monoxide, 3 


percent methane, 
sults were com lusive. No oxyyen could 
come from the atmosphere which was 
entirely excluded from the internal fail 
ure. Oxygen to form the carbon monox- 
ide had to come from within the insulat- 
ing material itself. This checked arith- 
metically, too: the proportion of gases 
formed tallied with the insulating ma- 
terial’s known breakdown products, in- 
cluding the oxygen-supplying additive. 


Effective Proof 


The  next--and 
How effective is this means of eliminat 


ing carbon tracks under field conditions? 


logical question: 


To get more than just an indication, 
materials and equipment were exhaust 
ively tested under conditions of acceler- 


ated and actual service, 


| 
| THIS ISSUE... 
i i 
| of the Review combines the 
usual May and July numbers 
and is issued as May-July 


i 

| 

1956. The next issue will be 
. " | 
September 1956, | 
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Obtaining meaningful results in the 
laboratory made it essential first of all to 
develop valid test methods. They had to 
simulate in accelerated form the con- 
taminated surfaces and types of tracking 
failures that normally occur in the field. 
After much experimenting, two such 
methods were developed, both relying 


on a dense fog for moisture. 


For the first test, the insulating 
material was a thin sheet coated with 


synthetic dust to give a conducting film. 
‘Two flat electrodes were placed on its 
surface (photo, page 25).When subjected 
to fog and voltage, electricity sparked 
across the material’s surface between the 
electrodes. 

The second test, bette: adapted lo 
equipment utilized a heavily 
laden salt fog to form the conductive 


> uv 
testing, 


surface coating (photo, right). This test 
closely duplicates the conditions and 
results that 
seacoast locations, except that failures 


you encounter in severe 


are greatly accelerated. In fact, so 
severe is surface sparking in the salt-fog 
chamber that even porcelain bushings 
will fail by cracking from thermal shock. 

In both incidentally, ordinary 


organic materials fail by carbon tracking 


tests, 


in anywhere from a few minutes to a few 


hours. However, with the oxidation 
additive, 


track nor show signs of tracking 


these same materials neither 
even 

when tested many hundreds of hours. 
Finally, equipment utilizing the non- 

tracking insulation installed in 


areas on the West Coast that encounter 


were 


ENERAL ELECTRIC 


severe salt fogs. These operated success- 
fully for over two years with no signs of 
tracks form 

practical evidence of the nontracking 


carbon beginning to 


properties demonstrated in accelerated 


laboratory tests. 


Where Now? 


Undoubtedly, nontracking materials 
wesage a major change in the design of 
I 5 J 5 5 
It’s 


larger electric 


electric now 


extend to 


outdoor apparatus. 
feasible to 
equipments the encapsulation techni- 
ques mentioned earlier—the molding or 
casting processes that have proved of 
such value in small indoor devir es. 
Instrument transformers are an excel- 
lent example. For several years certain 
smaller Lypes of these devices have been 
produced by molding them under high 
pressure in butyl rubber. All open 
spaces between the core and windings 
are penetrated by the rubber. [It forms 
the primary insulation system as well as 
the external case. When cured, the butyl 
rubber becomes an extremely tough but 
flexible excellent me- 


chanical-electrical properties, chemical 


material, with 


stability, and long life. 

This construction holds manifold ad- 
vantages over conventional methods of 
insulating instrument transformers 
that is, wrapping them with crepe-paper 
tapes and impregnating them with 
asphalt. Molded butyl transformers are 
not only simpler to manufacture but 
also more rugged and reliable. And they 
outdoors without metal 


can be used 
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TRACKING INSULATION (RIGHT), NO CARBONIZED PATH FORMS. 


casings to protect them against the 


weather. 


New Yardstick 


In the past, butyl-molded instrument 
transformers for outdoor use were 
limited to voltages of 5000 volts and 
below, so that leakage currents could 
be held low enough to avoid jeopardizing 
the insulation by carbon tracking. How- 
ever, the internal oxidation mechanism 
eliminates this danger, permitting higher 
voltages. For example, outdoor current 
transformers in the 15-kv class are now 
being produced, using a new nontracking 
butyl insulation, Presently under de- 
velopment are even higher voltage types. 

But butyl instrument transformers are 
only one example of the advantages ob- 
tained by molding electric devices in 
nontracking organic insulations. Other 
potential applications exist in) many 
types of equipment, including lightning 
arresters, cutouts, high-voltage bush- 
ings, and bus structures. Application to 
larger equipments—such as distribution 
and power transformers—hinges prima- 
rily on solving the problem of heat 
radiation to overcome conductor and 
core losses 

There's little question that the effects 
of nontracking insulation will be far- 
reaching. For the electrical engineer 
now has a new set of application criteria 

a new yardstick—for molded organic 
insulations. He'll be able to use these 
materials where they’ ve never been used 


before Q2 


TRANSFORMER UNDERGOES EQUIVALENT OF YEARS OF EXPOSURE 


xX \ “ee, 





BURNT TREE PATTERNS, OR CARBON TRACKS, CHAR ORGANIC INSULATION. 





IN SALT-FOG CHAMBER. 
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HYDROELECTRIC GENERATING DEVELOPMENTS 
ON THE NIAGARA RIVER 


(EXISTING AND PROPOSED) 
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Plan for Developing More Power at Niagara 


Of all the hydro of the 


world, you undoubtedly think of Niagara 


resources 


Falls as being the greatest and best 
known. During the past five years, re- 
newed interest in its power potentialities 
stems from the Treaty of 1950 between 
the United States Canada. This 
treaty permits both countries to utilize 


and 


additional water from the Niagara 
River for power purposes, use the water 
more efficiently, and at the same time 
preserve the scenic beauty of the Falls. 

While Congress has been deciding 
whether to authorize construction of 
new generating facilities on the United 
side of the 


utilities or by federal or state agencies, 


States river by electric 


Canada has practically completed its 
new development. And she is using our 
undeveloped share of these waters 

permissible under the terms of the 


treaty, until such time as the United 


States can use its own share of the 
additional water. 

The American development will co- 
ordinate with and extend the present 
U.S. generating plants, constructed, op- 
erated, and maintained by private enter- 
prise for more than 50 years. The history 
of electric power development by private 
enterprise at Niagara dates back more 
than 70 years. Its far-reaching effect has 
influenced the scientific, technical, en- 
gineering, social, and economic advance- 
ment of this country and perhaps the 
entire world—a story already recorded 
innumerable times. 

Let's examine the events leading to 
the 1950 Treaty and the proposed plan 
of development by private enterprise 
awaiting federal 


now government ap- 


proval. 


Physical Terrain 


The 36-mile-long Niagara River (il- 
lustration) connects Lake Erie and Lake 
Ontario and drops 326 feet in its course. 
Between the outlet of Lake Erie and the 
Grass Island-Chippawa pool near the 
brink of the Falls, the river drops about 
10 feet in 22 (illustration, 
page 31). In the upper rapids between 


the pool and the brink of the Falls, the 


1 


miles top, 


river drops about 60 feet in 1% miles. 
At the brink the Falls plunge vertically 
160 feet to the Maid of the Mist 


foot. To date, this total 


about 
pool al the very 
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drop of 220 feet between the upper and 
lower pools is the maximum head that 
private enterprise has been permitted to 
develop on the American side. 

Between the Maid of the Mist pool 
and the point upstream from Lewiston, 
NY, the river drops about 94 feet in 
a distance of 3'4 miles. The river drops 
between the Grass Island-Chippawa pool 
and the point near Lewiston that awaits 
economic development totals 
about 314 feet in a distance of 6'4 miles. 


power 


Early Use of River Power 


Long ago the power possibilities of the 
river with the four upper Great Lakes 
as its reservoir were recognized. Even 
the earliest settlers used its power when 
Chabert 
structed a sawmill on the American side 


Joneaire, a Frenchman, con- 
and operated it by a crude over- 


mills 


in 1757 
shot waterwheel. 

were built but they 
part of the 60 feet of head in the upper 


Later, other 


used only a small 
rapids 

Not until 1853 was a relatively small 
canal built that cut across the angle 
formed by the river at the Falls to per- 
mit utilizing the 220-foot drop from the 
Grass Island-Chippawa pool to the Maid 
of the Mist pool, This headrace canal 
was acquired at public auction in 1877 
by Jacob F. Schoellkopf; he enlarged it 
and supplied a number of mills with 
water power. His foresight and leader- 
ship eventually resulted in the con 
struction of the present Schoellkopf 
Station. owned and operated by Niagara 


Mohawk Power Cor poration, 


The existing Adams Station, also 
owned and operated by Niagara Mohawk, 


hegan operation in 1895. The success of 


adopting alternating current: produced 
in this first large central station, plus 
ability to such 
relatively 


the proved transmit 


power over long distances, 


marked the beginning of rapidly in- 


* 
Vr Howell--Chief System — Project 
Enginee r Viagara Vohau k Power 


Buffalo \ y has heen 
with the engineering department for 30 


Pre ently 


coordination of design and construction 


Corporation 


Veaurs he is fe spon thle for 


of neu tem generoting der elopments 


creased diversions of water from the 
Niagara River on both the Canadian 


and American sides. 


Treaty of 1909 

The public was giving little concern 
to the possibility that the increasing 
diversions for power purposes would 
detract from the seeni spectacle of the 
Falls and rapids. 

But by the turn of 
alerted public realized that the rapid 
expansion of the power development al 
Niagara might impair its natural beauty 

As a this appre 
hension, Canada and the United States 


the century, an 


result of growing 


made a treaty in 1909, limiting the 
amount of water that could be taken 


from the river for 
36,000 cubic feet per 
Canadian side and 20,000 cubic feet per 
American side. With an 


flow of 200,000 


second, 


power purposes: 


second on the 


second on the 
average total about 
cubie feet per this 
mitted a total diversion for power pur- 


poses slightly greater than 25 percent of 


treaty per- 


the average flow. 


Developing Power Facilities 


An impending power shortage at the 
outbreak of World War I prompted the 
Secretary of War to urge the two power 
companies on the American side of the 
river to rapidly expand their generating 
facilities so that complete utilization of 
the 20.000) eubie second al 
lotted to the United 
realized. To meet the emergeney, addi 


feet per 


States could be 


tional power facilities were constructed 
by private to supply the 


requirements of the essential electro 


enterprise 


chemical and electrometallurgical in 
dustries at Niagara Falls. 

Prior to construction of additional 
power facilities in 1918, Niagara Mo 
hawk’s predecessors submitted various 
plans of development to the federal 
government. At that time, an offer 
made to develop the full 314 feet of 


develop 


Wis 


head available for economic 
ment out of the total 326-foot drop he- 
tween Lake Erie and Lake Ontario 

But this was wartime, and additional 
powel! could he delivered sooner by ex 
panding the 220-foot-head Schoellkopf 
development. The government declared 


this the best plan and recognized that 


29 








AT THEIR ADAMS STATION IN 1923, NIAGARA MOHAWK 


it could form a part of any 
hensive plan for later development. Be- 
1918 1920 this additional 
development was constructed, consist- 


37,500-hp hydraulie tut 


‘ ompre 


tween and 
nig of three 
bine-driven generators installed in’ the 
Schoellkopt Station, 

In 1920, ¢ ONngTess enac ted the Federal 


W ater Power Act, and soon. after 
Niagara Mohawk applied to the newly 
formed Federal Power Commission 


(FPC) for a license. The application in 
cluded the works then built plus the 
proposed works to fully utilize 20,000 
cubic feet pel the 220 


foot head, Niagara Mohawk also applied 


second under 
for and signified its readiness to con- 
struct the full 314-foot-head develop- 
ment if the FPC 

After the Commission issued a license 
in 1921 for the 220-foot-head develop- 
ment, Niagara Mohawk began construct- 
ing an addition to the Se hoellkopt 
Station consisting of three 70,000-hp 
units so that all of the 20,000 cubic feet 


would grant a license. 


30 
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pel second of water allotted to the 
American side could be utilized at this 
station. Upon completion of this addi- 
tion in 1925, the Adams Station (head 
about 135 feet) was placed in reserve. 


(During World War II, it was allowed 


to operate under an additional allot- 
ment of water.) The license—the first 
issued by the FPC—expires in 1971, 


The 360,000-kw Schoellkopf Station 
and the 80,000-kw Adams Station are 
still the only hydroelectric plants op- 
erated on the American side of the 
river today. These plants utilize about 
32,500 cubic feet per se ond of water in 


the aggregate. 


Preserving the Scenic Beauty 


Practially all those concerned with 
the power business at Niagara generally 
appreciate that the preservation of the 
scenic spectacle surpasses all other con- 
siderations. More than 30 ago, 
engineers of Niagara Mohawk and others 


who had studied the problem were con- 


years 


9 ENE 


RAL 
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BUILT A SCALE MODEL OF BOTH THE HORSESHOE (RIGHT) AND THE AMERICAN FALLS. 


diversions of 
water for affect the 
beauty of the Falls if proper remedial 


that additional 


power 


vineed 
would not 


works were constructed. 

About 90 percent of the discharge 
of the Niagara River drops over the 
Horseshoe, or Canadian, Falls. Gradually 
through the years, this 
trated in the central, o1 apex, secuion 
of the Horseshoe, leaving both flanks 


flow concen- 


depleted of a water supply. Further, as 
more water was drawn into this central 


portion of the Horseshoe Falls, the 


quantity of water flowing over the 
American Falls was decreasing. An 


entire cessation of diversions for power 
purposes from the river would not have 
retarded this natural change in the shape 
of the Falls or improved the scenic 
spectacle. Instead, it would have ac- 
the Falls. 


48 uo 
reasoning, In 


the destruction of 

To demonstrate this 
1923 Niagara Mohawk built a large-scale 
working model of the Falls plus a section 


celerated 


of the river upstream (photo). 
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“The annual energy will increase by about 8-billion kilowatt-hours....’ 


So convincing were the experiments 
that the governments of Canada and the 
United States Special 
International Niagara Board to study the 


appointed a 


problem and recommend remedial works 
to be constructed, 

The Power Company offered to con- 
the 


Commission of 


struct these works jointly with 


Hydro-Klectris 
Ontario, using additional diversions of 


Power 


water on an experimental basis. But 
this proposal, although approved by the 
Canadian government, was not passed 
by the United States Senate in 1929, 


Treaty of 1950 
At the suggestion of Niagara Mohawk 


to the FPC, a three party study was ini- 


tiated in 1947 to further analyze the 
Niagara situation, This study—carried 
out by the Commission, Power Au- 
thority of the State of New York, and 


Niagara Mohawk Power Corporation 
plus the report of the Bureau of Power 
of the FPC in 1949 laid the groundwork 
for the new Treaty with Canada, ratified 
in 1950, 

This treaty is based on a different ap- 
proach to the problem of limiting the 
diversion of water for 
The 1909 Treaty limited the quantity of 
water that could be diverted for power, 
But the new Treaty specifies the mini- 


power purposes, 


mum quantities of water that must re- 
main in the river to flow over the Falls 


during specified hours of the day and 


seasons of the year to preserve the 
scenic spectac le. All water in excess of 
these prime requirements for scenic 
beauty can be diverted for power pur- 
poses, with the United States and 
Canada sharing equally, 

During the daylight hours of the 


tourist season from April | to October 
100,000 cubie feet per 
second must flow the Falls at all 
times, In all other the 
90,000 cubic feet per second must flow 
over the Falls, And additional flows over 
the Falls and through the lower rapids 


31 of each year, 
ove 


hours of year, 


must provide for flushing ice through the 
gorge when necessary. 

The that the 
United States and Canada complete the 


treaty also requires 
remedial works proposed by the Spe ial 
International Board in 1929 and directs 
that the work be done under the super- 
vision of the International Joint Com- 
Mission, 
The 


Canada: 


1950 Treaty 


was approved hy 


ratifying it, the U.S. 


32 


Senate approved a rider stating that any 
new power development on the American 
side, as a result of the treaty, must have 
the approval of the Congress before 
construction can be started. 

Meanwhile, as already mentioned. the 
Hydro-Electrie of 
Ontario has constructed a development 
to utilize its share of the treaty water 
plus the U.S. share until such time as 


Power Commission 


we develop it. 

The remedial works provided for in 
the treaty are progressing with those on 
the American flanks of 
the Horseshoe Falls already completed. 
The control dam being built to maintain 
the proper levels in the Chippawa-Grass 
Island pool is scheduled for completion 


and Canadian 


next year in July. 


Proposed Development Plan 

The Niagara Mohawk plan of develop- 
joined by four other utilities op- 
erating in New York State: Central 
Hudson Gas and Electric Corporation, 
Consolidated Edison Company of New 
York, New York State Electric and Gas 
Corporation, and Rochester Gas and 


four 


ment 


Electric Corporation involves 
steps... 

e Construct a 47-foot-diameter con- 
crete-lined tunnel about 5 miles long 
from the Conners Island intake to the 


Lewiston powerhouse. This development 


can utilize about 30,000 cubie feet of 


water per second under the full 314-foot 
head and will operate in conjunction 


with the existing Schoellkopf and 
Adams Stations. The added installed 


capacity will total about 675,000 kw. 

e Construct a second 47-foot tunnel. 
adding about 675,000-kw 
Schoellkopf Station will continue to 
operate as well as Adams Station when 
water is available within treaty limita- 


capacity. 


tions, 

e Construct the piutiped-storage de- 
velopment to provide for greater peak- 
load output at the Lewiston powerhouse. 
This development will of a 
single 47-foot-diameter tunnel about a 


consist 


mile long, a pumping-generating station 
adding 130,000-kw generating capacity, 
and a pump-storage reservoir of about 
22.000 (illustration, lower, 
page 31). 

e Construct the lower river develop- 


acre-feet 


ment tunnel about 3 miles long and 42 
feet in diameter. This will add about 
120,000 kw and will develop the 94 feet 
of head in the lower river between the 


RA 


4 


Schoellkopf Station powerhouse and the 
Lewiston powerhouse. 

This comprehensive plan will add ap- 
1.6-million kilowatts of 
installed capacity to the 
existing capacity of Schoellkopf and 
Adams Stations. The dependable capac- 
ity when utilized in the integrated 
transmission system of the five power 
companies will be about 1.1-million 
kilowatts. The annual energy will in- 
increase by about 8-billion kilowatt- 


proximately 
generating 


hours, bringing the total output on the 
American side to approximately 12- 
billion kilowatt-hours. This includes 
Niagara Mohawk’s present generation. 

The proposed Niagara development 
can be completed in about six years, 
and power from the first step can be 
generated in about three years after 
construction begins. 

The pumping-generating station—an 
interesting and unique development 
was conceived by the Niagara Mohawk 
engineers about 30 years ago. Because 
the 1950 Treaty permits greater diver- 
sions of water at night when demands 
for power are less, water will be pumped 
from the two tunnels that will normally 
carry the Island 


Lewiston development into a_ storage 


water to Conners 
reservoir at night and released the fol- 
lowing day through the full 314-foot- 
head development plus the drop at the 
storage reservoir. The water wheels of 
the turbines will act as pumps at night 
when driven by the generator acting as 
a motor. The procedure will be reversed 
when water is being released from the 
reservoir and the units will operate as 
generating capacity. 
Primarily, the 
velopment will permit the generation of 
about 500,000 kw of peak-load capacity 
in the Lewiston and the pumped-storage 


pumped-storage  de- 


powerhouse in place of a lesser amount 
of continuous nighttime capacity. 
Based July 1954 construction 
costs, the complete comprehensive de- 
velopment will total about $420,000,000. 
On a kilowatt-hour basis, construction 
costs for the pumped-storage and the 


on 


lower river development will be con- 
siderably higher than the two-tunnel 
development from Conners Island to 
Lewiston. But their 
feasible, and they form part of the com- 
developing the 


construction = 1s 


prehensive plan for 
Niagara River as long as the cost of 


would be 


comparable steam powel 
greater, 2 
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G-E LAMPS GIVE YOU MORE FOR ALL YOUR LIGHTING DOLLARS 





You Can Cut Your 
Lighting Costs 


The money you spend for a lamp is only 
about 10% of the cost to keep it lighted. 
Yet, its performance controls the return 
you get on your entire lighting investment. 


NEW G-E LAMPS — Each year, 
General Electric introduces many 
new lamps that you can use to cut 
your operating costs. One, the G-E 
Quartz Infrared, introduced in 1955, 
is already playing a vital role in many 
industrial and research applications. 
Hot enough to melt aluminum, they 
are used to simulate the heat pro- 
duced by supersonic flight on air- 


cralt parts 


Another cost-cutting lamp recently 


announced by General Electric is the 


High Output fluorescent—today’s 





The smallest and hottest electrical heat 
source available (shown here melting alu- 
minum) the G-E Quartz Infrared permits 
reduced size in many applications because 
of the concentrated heat it produces. 





The G-E High Output fluorescent lamp gives 
40% more light than other fluorescent lamp 
types. It gives the most light per fixture— 
costs least to maintain. 


most powerful fluorescent lighting 
tool For 
DeLuxe Cool or Warm White High 


Output which give as much light as 


top color rendition, use the 


other fluorescent types in standard 


“Whit 
IMPROVED G-E LAMPS — The 


400-watt RC-1 


came your best bargain for most in- 


mercury lamp be- 
door mercury lighting when G.E. in- 
creased its total light output 15% in 
19 Thi lamp use s a phosphor lin- 
ing in a dual role—to reflect light 


and to improve color. It is inter- 


changeable in most 400-watt fixtures. 





Double-duty phosphor lining improves color 
and directs the light—gives more light with 
color improvement—at less cost. 

he most 


lamp filaments since 1913 was an- 


significant development in 


nounced by General Electric in late 


1955—The Bonus Line. The new 
lamps give up to 1 % more light for 
the same wattage and are less subjec t 


to bulb blackening. The money you 
save by this increased output can 


equal the purchase price of the lamp. 





Using the “stand-up” filament to increase 
light output by as much as 15%, the Bonus 
Line lamp is now available in 500, 750, and 
1000-watt sizes. Note reduction in bulb 
blackening after same hours of use 


GENERAL ELECTRIC TECHNICAL 
HELP 


most from your lighting installation 


G.E. also helps you get the 


more for your lighting dollar. One 
of our field engineers recently helped 
a laree manufacturer cut lighting 
costs by over $350,000 annually, with 
a moderate expenditure for a new 
type of lamp! And he increased his 
light level 50°) at the same time 

It is not unusual to find installa- 
tions operating at less than 50%, eth- 
ciency. General Electric engineering 
“know-how” is ready to help you 
realize the ec onomies that come trom 
the full exploitation of existing light- 
ing systems. For example, we pub 
lish hundreds of bulletins each year 
to aid operators in dozens of com- 
mercial and industrial fields to im- 
prove the efficiency of their lighting 


and decrease their costs. 





FOR MORE INFORMATION on 
how you can use new General Electric 
lamps, improved lamps, and General 
Electric technical help to cut your 
business costs, write, Large Lamp 


Dept., General Electric Co., Dept 
GE-5, Nela Park, Cleveland 12,O 
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rrent Motor 


KINAMATIC «a new standard 


in direct-current motors, 
gives your machines wider 


speed ranges, greater output 


To meet modern industrial needs for faster, more auto 
matic, more continuous production, General Electric has 
designed an entirely new direct-current motor the d- 
Kinamati 


Designed for Automation Now, a direct-current motor 
has been designed for the modern job it has to do — either 
as individual motor drive or in regulating systems. The 
new General Electric d-c Kinamatic motor supplies the 
wide speed range and versatility required for today’s 
manufacturing methods. It is designed for the close con 
trol of machines and split-second timing of processes 


essential to higher output 


Accelerated Production The new d-c Kinamatic motor 
will modernize your equipment, give it increased power, 
higher speeds, greater output capacity. With the quick 
acting G-E Kinamatic motor, your machines will process 
a greater variety of products faster easiel 


and with less maintenance and spoilage 


More Powerful By combining advanced design with 
improved materials and manufacturing techniques, 
General Electric engineers have packed more power into 
the entire Kinamatic line. The powerful Kinamatic motor, 
with new stamina and durability, is ready to become one 
of your most effective weapons for keeping costs down, 


for meeting competition, for boosting productivity levels 


Engineering Help Industrial specialists in 149 con 
veniently located General Electric Apparatus Sales 
Offices have the complete story on how the new d- 
Kinamatic motors and generators can benefit your 
operation. For full details, contact your G-E Sales 
Representative, or write for Bulletin GEA-6355. Direct 
Current Motor and Generator Department, General 
Electric Company, Erie, Pennsylvania. 


* Trade Mark of the General Electric Company 
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The challenge of a growing suburbia... 
and one practical solution 


If you've ever watched a residential area evolve from 
houses into homes, you know that these new communities 
are in the final analysis people. You see brick and 
wood begin to reflect personalities and dreams. At dusk 
you see warmth shining from windows that only yester- 
day were vacant and lifeless. 

To America’s electric utilities, these thousands of lighted 
windows present a challenging problem: how to meet 
greatly increased power demands at continuing high 
standards of reliability. General Electric Super Coronol* 
preassembled aerial cable has helped electric utility com 
panies find one answer. With this aerial cable there is 
less chance of storm damage, maintenance costs are low- 
ered, service continuity is improved. Residents benefit, 
too, from better appearance because crossarms and un 


sightly open wire lines are eliminated, 


The use of this preassembled aerial cable also means 
that in many instances larger areas can be covered than 
with open wire construction in voltage-limited distribu- 
tion lines with these results: 

1. Reduction in number of feeders required. 

2. Use of larger substations. 
Both of these advantages result in lower cost per kva of 
installed substation capacity. 
G-E Super Coronol preassembled aerial cable is one of 
many G-E products that are helping electric utilities sup- 
ply new residential communities with the greatest con- 
venience of all-electric power. Construction Materials 
Division, General Electric Company, Bridgeport 2, Con- 
necticut, Section W186-1537. 


* Registered Trade-mark General Electric Company. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 





Put an Electric Memory in your appliance... 
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How to Stimulate Interest in Technical Societies 


Being professional workers, engineers 
must bear the responsibility for their 
own development, One of the most effee- 
live avenues of professional develop- 
ment—the 
mainly on engineers for its support. At 


technical society—relies 
the same time, industry must recognize 
its obligation to provide the engineer 
with opportunities and encouragement 
to participate in technical society work. 

In modern 
tions, engineers tend to find themselves 


decentralized organiza- 
concentrating on specialized problems, 
A good technical society breaks down 
the barriers of specialization and brings 
its members to a better understanding . { 
each other's problems. 

To promote participation in technical 
society work, efforts should be made 
| aa 

e Create an encouraging climate and 
an atmosphere of enthusiasm. 

e Promote individual activity among 
the members. 

@ Assist engineers in preparing papers 
and performing committee work, 

@ Publish information and keep suit- 
able records, 

Some progressive companies maintain 
staff consultants in matters of profes 
relations. As their re- 
sponsibilities, they work not only with 


sional part of 
engineering managers to stimulate in- 
but 


directly with the societies themselves. 


terest in technical societies also 


The Climate 


Several policies contribute to an 
atmosphere of enthusiasm for technical 
societies, For instance, the engineer's 
employers can pay his 
national meetings 


burdensome for the individual who has 


expenses at 
expenses that can be 


to travel far, Further, a company can 
sponsor memberships in certain societies 
and a 
information. 

General Electric’s Jet 
partment, Evendale, Ohio, fosters par- 


policy of publicizing society 


Engine De- 


ticipation in several ways. It pays ex- 
penses of those attending national meet- 
ings of technical Managers 
receive bulletins that outline their part 
in fostering enthusiasm, They are also 


societies, 


informed of possible honors and awards, 
their staffs, 
arrange for Department-sponsored mem- 


members on and how to 


berships where appropriate. 
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By J. S. ALFORD 


Membership dues are usually the 
but 
when it appears to mutual advantage, the 


engineer's expense; sometimes, 
Jet Engine Department will pay. The 
sponsored engineer should already be a 
member on his own. of 


society. The Department expects that 


one leading 


he will discharge his obligations by 
accepting committee assignments and 
preparing papers. 

Experience indicates that engineers 
go to meetings because they're inter- 
ested in the program and hope that it 
will contribute to their professional 
development. No society can flourish 
without this interest. The Jet Engine De- 
partment believes that providing ade- 
quate opportunity for continued educa- 
tion has been one of the principal means 
of stimulating interest in professional 
development. 

Progress has been made in estab- 
lishing graduate curriculums in engi- 
neering at the Evening College of the 
University of Cincinnati. A registration 
of 285 the 
proved the demand for part-time grad- 
uate study. In addition, at the Evendale 


plant, 700 engineers have enrolled in 


engineers at first session 


19 specialized technical courses. Many 


others are taking such courses as 
Effective Human Relations, Conference 
Leadership, and Effective Writing. This 
enrollment is convincing evidence that 
engineers have a hearty interest in their 
own development. The engineers you 
meet in class are the ones you see al 
indicating the 
tech- 


con- 


the technical meetings, 


correlation between interest in 


nical societies and an interest in 
tinuing education. 

For several years, the Evening College 
has offered refresher courses to prepare 
students for the Ohio examination for 
professional registration, Evendale offers 
a similar course as part of its Technical 
Education Program. Judging by the 
growing number of certificates of regis- 
tration seen in engineering offices, many 


Mr. Alford, a frequent contributor to the 
Review, joined General Electric on the 
Test 1934. Holder of 24 
patents, he is presently Designing Engi 
neer, Jet Engine Department, Aircraft 
Gas Turbine Division, Evendale, Ohio. 


Course in 


engineers make good use of these 


courses, 


Promoting Individual Participation 


By attending himself, an engineering 
manager can most effectively encourage 
his engineers to go to technical society 
meetings. Lip service isn’t enough. The 
engineering manager should be present, 
the young 
them (nothing is 
than to go to a dinner and speech and 


greet engineers, introduce 


more discouraging 


sit unnoticed), and perhaps even make 
up a party to leave from the office to- 
gether. Most societies require a sponsor 
for the new member; senior engineers 
should offer to sponsor anyone inter- 
ested. 

Sometimes the recent graduate needs 
a helping hand to bridge the gap between 


Many 


engineers find it hard to make a transi- 


college and profession. young 
tion from their studies in college 

where problems are given with only the 
required data and with necessary sim- 
plifying assumptions to problems in 
industrial practice where all sorts of 


complications intrude. The technical 


society can help close this gap, but the 
graduate’s lack of experience doesn't 
always permit him to appreciate it. 


Reading Papers before the Society 


Help is essential in the preparation 
and presentation of papers before tech- 
nical societies. First, the engineer must 
have permission because his proposed 
paper often relates to Department busi- 
But the 
assisted in preparing the paper. He can 
a draftsman 


ness. engineer can also be 
ask a secretary to type it, 
to make slides, and otherwise expect the 
company to bear part of the expense. 
Some scholarly journals expect payment 
for part of the publication cost, feeling 
that this is as much a part of research 
as any other. 

Occasionally, engineers hesitate to 
present papers or take part in the dis- 
cussions because they are nervous or 
ill at ease on a speaking platform. A 
definite correlation exists between an 
engineer's skill in written and oral com- 
munications and his participation in 
technical societies. Engineers them- 
selves recognize the great importance 
in speaking and 


of developing skill 
writing. Undoubtedly the most popular 
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ENGINEERING DESIGN SYMPOSIA 


Whenever an engineer in the Jet Engine De- 
partment has made a significant achievement, 
he is encouraged to present this before an ap- 
propriate technical society as soon as this can 
be done without detriment to national security 
or to the competitive drive that is the main- 


Provide for exchange of up-to-date technical in 
formation within the Company. As presentations 
and dis« USSIONS dis« lose design details, this infor 
mation can usually be applied directly to the solu 
tion of spec ific design problems. 

Provide for transmitting engineering information 
coming from outside the Company. For example, 
most of the Division engineers serving on the 
National Advisory Aeronautics 
(NACA) Technical Committees or Subcommittees 


also participate in the appropriate engineering 


Committee for 


design symposia. 
Provide for comparison between departments of 


engineering design methods and procedures. For 


The preparation and presentation of material 
is valuable as a means of professional recogni- 
tion, as well as a means of increasing the engi- 
neer’s ability to communicate his ideas. When 


spring of our industrial progress. However, to 
provide for timely exchange of classified or 
proprietary design information, engineering 
design symposia are held for the benefit of 
engineers in the Aircraft Gas Turbine Division 
with the following objectives . . 


t xample, ila partie ular design approag h results ina 
better solution to a basie engineering problem, this 
advance is as valuable to all engineers engaged in 
this specialty as to that engineer who made the con 
tribution. On the other hand, if a particular design 
configuration or stress level and material resulted in 
marginal structural integrity or performance, the 
hard-earned lesson is important to all engineers 
responsible for new designs, 

Provide the integrated knowledge and recom 
mendations of leading individual contributors who 
have recognized ability and are the best available in 
each specialty for counsel on engineering design 


procedures or problems that arise or are anticipated. 


security requirements have permitted, the 
material initially presented before an engineer- 
ing design symposium has frequently been 
presented before a national technical society. 
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TECHNICAL SOCIETY COMMITTEES PROVIDE BROAD OPPORTUNITIES FOR THE NEW MEMBER. 


course at Evendale effective Presen 
tation of Ideas, having 176 members in 
16 classes. Kach class meets for two 
hours a week after hours, with con- 
siderable homework being required 
This course has been popular for the 
last five years. Its graduates, now much 
more at home on the platform, weleome 


the opportunity to appear, 


Information and Records 


By maintaining thorough records, a 
company can also foster participation 
in technical societies. An engineer can't 
join a technical society or attend a 
meeting unless he knows about it. 
Therefore, companies should have all 
the facts and publish them, either in 
their own bulletins or by distributing 
society pamphlets. They should also 
re ord the preferen es ol thei engineers 

only they know best what contributes 
to their professional development. 

Our Department maintains a counsel 
ing service that emphasizes participa 
tion by means of brochures and talks 
Regular bulletins discuss specific socie- 
lies, mentioning aims, committees, and 
membership requirements 

A “Know Your Technical Society 


Week” organized during October, 1954, 
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received a hearty response in the form 
of calls for information, as well as a 
pronounced increase in activity. Many 
of the application blanks displayed were 
actually submitted. 

Those responsible for planning the 
week’s program used such devices as. . . 

e Publicity in the plant newspaper 
Jack S, Parker, General Manager of the 
Aircraft Gas Turbine Division, recom- 
mended in an interview more energetic 
participation plus articles dis« ussing the 
technical societies cooperating in the 
Week. 

e Displays of literature and applica 
tion blanks. 

e A letter from the president of the 
Kvendale Engineers’ Association, en- 
dorsing plans for observing the Week. 

e Bulletins on honors and awards 
plus calendars of events 

Each month we publish a plant bulle- 
tin titled, 
mation,” a vehicle for dates and agenda 


“Professional Societies Infor- 


of forthcoming meetings, including an- 
nouncements of papers to be presented, 
committee members in AGT, and sum- 
maries of reports by engineers who have 
attended meetings. 

Personnel development activities olf 
information on 


the plant provides 


awards and honors. Most technical 
societies make awards, sometimes inde- 
pendently and sometimes jointly, their 
primary purpose being to encourage 
contributions to engineering. Awards to 
younger men spur them on; awards to 
eminent men recognize achievements. 

Some awards are for strictly technical 
accomplishments, but others addition- 
ally require that the recipient must have 
played a prominent part in his society 
and be a good citizen. 

Recognizing that many good engi- 
neers find these awards real incentives. 
we publicize the established awards in 
our fields as often as possible. Senior 
engineers should willingly serve on local 
awards committees, which screen local 
achievements for national societies. 


Engineering Society of Cincinnati 

The Engineering Society of Cincinnati 
(ESC) has made some interesting use of 
these principles for stimulating the 
engineers’ interest in technical societies. 
It has about 1700 members, or three 
times as many of the next largest group 
in Cincinnati, and 45 committees. Each 
new member receives thorough descrip- 
tions of the committees and their sub- 
jects. Answers to an interest question- 
naire usually results in an invitation to 
join an appropriate committee. ESC 
feels that an engineer doesn't fully 
belong until he is a committee member, 

Some engineers explain ESC’s 45 
committees by its large membership, 
but it’s more likely that the membership 

large because the 45 committees pro- 
vide ample opportunity for the new 
member. 

ESC annually greets newly arrived 
engineers with Newcomers’ Night to 
familiarize them with what Cincinnati 
has to offer. Each man _ receives a 
booklet, “Cincinnati—From an Engi- 
neer’s Point of View.”’ This well-publi- 
cized evening always has a good crowd. 

An effective program for stimulating 
interest in technical society work must 


provide a favorable climate for techni al 


societies, encourage individual partici- 


pation, arrange for adequate assistance, 


and publicize the story. @ 
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PROTOTYPE OF GAS-INSULATED SINGLE-PHASE 1000-KVA TRANSFORMER IS EXAMINED BY AUTHOR (RIGHT); GAS FLOWS IN ARROWED PATHS. 


Gas-Insulated Transformers 


In the minds of engineers who know, 
there is no question that oil as an insu- 
lating and cooling medium made possible 
the development of modern transform- 
this, it might seem to 


ers. In view of 


a bit derogatory to discuss trans- 


you 
formers cooled and insulated 
by fas. 

Yet oil has two objectionable charac- 
teristics: Exposed to flame or heated to 


its ignition point in the presence of air 


mixtures of oil 


it burns: and certain 


vapor and air explode on ignition when 
confined. 

When you consider the large number 
of oil-filled transformers that have given 
and the relatively 


satisfactory service 


few fires—the use of oil is well justified. 


TRIC REVIEW 


By G. CAMILLI 


It needs no ipologies 
possible fire hazard however, fire under 
oil-immersed — trans- 


writers prohibit 


formers in certain locations unless they 


are installed in expensive fireproof 


vaults, For this reason, dry-type trans- 
formers were developed for use in con- 


gested districts of large cities. 


Synthetic Checkmate 


In 1932, 
mark of 
duced, A s\ 
desirable characteristics of oil plus the 


Pyranol (registered trade- 
Kleetric) 
nthetic liquid, it has all the 


General was intro- 


distinctive properties of not being flam- 
mable or explosive. 
Transformers rated up to 69 kv were 


built utilizing this fluid. But although 


Because of the 


they represented a great advance in the 
still lacked SOvtThe 


tran 


art, by necessity they 
of the 


formers 


advantages of dry-type 


For instance, when an internal are 


occurs considerable pressure may be 
developed as the synthetic liquid decom 
poses. In some instances this pressure 
can rupture the confining tank’s seams 


with the chance that noxious 


vases 
ase 


will be released 


Insulating with Gas... 


Substituting gas for the liquid elimi 
nates this disadvantage. Should a failure 
oceur, the pressure would be only a 
fraction of that developed in a liquid 


filled transformer. The reason is simple: 
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GASEOUS FLUOROCOMPOUNDS have progressed lo the point where 


they now have a fairly high dielectric strength at moderate pressure. 


(14.7 PSI AT 60 CYCLES’ 


PROPERTIES OF SULFUR HEXAFLUORIDE VERSUS AIR 


Property 


Density 
(at 21.1 C and | atmo phere 


Theoretical molecular weight 
Boiling point (degree C) 
Viscosity (centipoise) at 21,1 ¢ 


Thermal conductivity at 70 C in 
Btu/he/ft degree | 


Specific heat at constant pressure and at 


70 C, Btu/pound/degree | 


the 
only by 


Pressure from arcing of a 


gas 1s 


caused thermal excitation, 
probably in a small spot. On the other 
hand, 


liquid, a large amount of gas forms from 


when an are oceurs inside of a 
the disassociation products 
In the last 


work has been done to develop gases 


few years, considerable 


suitable for high-voltage applications. 


Gaseous fluorocompounds, for example, 


42 


pound cu ft) 


Sulfur 
Hexafluoride 


(SF,) 


0,075 
29.0 
200 


0.018 0.0185 


0.00784 


esper ially interest engineers because 
they are generally inert and have high 
dielectric strength. 

Their development has progressed to 
the point where gases are now available 


that have a fairly high dielectric strength 


at moderate pressure (illustration, left). 


Some gases that condense at relatively 
low temperatures are suited to outdoor 
operation under any conditions of load- 


DRY AIR 


(SQUARE-ROD-TO- 
PLANE ELECTRODES) 


1.0 1.5 2.0 2.5 


ELECTRODE SPACING 
(INCHES) 


SULFUR-HEXAFLUORIDE SF6 GAS hias a dielectric strength that 


competes favorably with petroleum-based oil under special conditions. 


ing. Neither the gases nor their decom- 
posed products are poisonous, 

Among these gases, sulfur hexaflu- 
oride (Sk.6 in illustration) has reached 
a prominent position. It possesses gen- 
erally favorable characteristics and is rel- 
atively low in cost and easy to obtain 
Under special conditions, its dielectri 
strength competes with petroleum-based 


oil (illustration, right). 


. and Cooling with Gas 


When you calculate the cooling char- 
acteristics of transformers employing 
fluorogases, you need to make reference 
to specific heat, thermal conductivity, 
and density of the gas being considered. 

Comparing the properties of sulfur- 
hexafluoride gas (Table), note that it is 
many times heavier than air. Because 
of this, the thermal capacity or heat 
absorbed by the gas is many times 
greater than that of air. For absorbed 
heat is a funetion of the specific heat 
times the density of the gas. With sulfur 
hexafluoride, this product is more than 
three times that for air. 

Accordingly, the temperature rise of 
sulfur-hexafluoride gas in and out of a 
transformer would be less than a third 
that of an air-cooled unit. This would 
occur where the transformer is cooled 


by forced circulation of the gas through 





FILLED AT SPECIFIC 
TEMPERATURES TO 15 PSIG 


GAS PRESSURE 


30 40 50 


60 70 80 90 


AVERAGE GAS TEMPERATURE 
(DEGREES C) 


PRESSURE OF A GAS varies with its temperature. but the dielectric strength of sulfur- 


hexafluoride gas is independent of temperature if its density remains constant. 


its core and coils under equivalent con- 
ditions of pressure, volumetric flow, and 
heat With forced-gas cooling, 
using a dense fluorogas or gas mixture, 


losses. 


you can dissipate heat at rates equal to 
or greater than those now set on forced- 


oil-cooled transformers. 


Less Noise 


Inside a transformer, vibrations and 
sound that are transmitted from various 
sources and emitted to the outside air 
travel a complex electromechanical 
route. Simply stated, they follow two 
principal paths from the transformer’s 
core-and-coil structure to its tank, One 
path is mechanical: vibrations travel 
from the core and coils down through 
their supporting structure to the bottom 
of the tank 


formers, the other path is from the core- 


In liquid-insulated trans- 


ind-coil structure through the insulating 
liquid to the tank. 

lo minimize the noise and vibration 
of liquid-filled 


mounts have been used between core- 


transformers, resilient 


and-coil structure and the bottom of the 


tank. Howe 
an eas) path through the liquid. And 


ver, vibration and noise find 


you can't appreciably change the im- 


pedance of this path without altering the 
and 


transformers heat-transfer insu- 


lating characteristics. 


On the other hand, in a gas-insu- 
lated transformer the transmission path 
through the insulating medium is poor 
because the the 


density of the gas is low compared with 


compressibility and 


a liquid 
Of the two acoustical paths men- 


the the core and 


tioned, vibration of 
gas-insulated transformer is 
tank the 


mechanical coupling at the tank’s base. 


coils im a 
transmitted to its through 
By properly choosing resilient mounts 
for the core and coils, you can materi- 
ally 
the tank 

Generally speaking, the noise from a 


reduce vibrations transmitted to 


gas-insulated transformer is consider- 
ably lower than that from an equivalent 
liquid-filled unit. In fact, you can some- 
decibels the 
the core. 


isn't 


reduce by several 
that 


reduction, of 


times 


noise emanates from 


Potal 


mally this great because of noise gener- 


course, hor. 


ated by the air blown through the trans- 


formers heat exe hangers. 


Pressure a Big Factor 


To withstand higher than normal in- 
ternal the tank of a 


insulated transformer is designed with 


pressures, as- 


as many round surfaces as possible. 
the tank of a three 


phase transformer has its top, bottom. 


For example 


and ends constructed of eylindrical 
shells. This type of construction, inci- 
dentally, is not new. It is used in Europe 
for transformers that are transported 
disassembled. When they arrive at the 
customer's premises, core and coils are 
given vacuum-heat treatments in their 
own tanks to drive moisture from the 
insulation. 

Pressure of a gas with its 
temperature, And if a filled 
with sulfur hexafluoride at 15 psig and 
25 C, the pressure rises to 20 psig when 


varies 


vessel is 


the temperature reaches 75 C (illustra- 
tion), 

Dielectric strength of the sulfur-hexa- 
fluoride gas is independent of tempera 
ture, however, if its density 
constant. Thus the dielectric strength 
of a sealed transformer with gas at 25 © 
doesn’t change when the temperature 
range the 


remains 


reaches 75 C-—and in this 
pressure varies from 15 to 20 psig, 

The heat dissipated by surfaces in 
contact with the gas 18 proportional to 
gas velocity, gas pressure, and surface 
temperature, 

Any change in the operating pressure 
will be reflected in the tank’s design and 
construction, In other words, a tank is 
designed for the highest operating pres 
An 


inerease in operating pressure, on the 
other hand, might result in higher dielee- 


sure so that it won't develop leaks. 


tric strength—or possibly a reduction 
in the transformer’s size. 

The velocity of the cooling gas can't 
be indefinitely increased without serious 
high-pressure drops. Gas flowing through 
ducts and heat exchangers causes such 
could 


which require 


pressure drops, 
by the 


large expenditures of 
blowers that circulate the gas 
Increasing the heat dissipated by a 


powell 


transformer allows you to reduce its size 
as well as the cooling equipment re 
For the 


the most 


trans 
to do 
temperatures 
for 


quired, yas-insulated 


former, effective way 


this is to operate it al 


than those now used oil 


insulated units. 


higher 


Stability with Aging 

The maximum temperatures at which 
gas-filled transformers can be operated 
are limited by the stability of gases you 
use. Fluorocompounds, with fluorine 
ingredient, are the least 
reactive substances When you 


test sulfur hexafluoride in a quartz con- 


as the basi 


known, 


tainer, for example, the gas doesn’t 
decompose even at temperatures up to 
500 C. In the presence of certain metals 
and insulating materials with minute 
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amounts of water, however, the picture 
Sulfur 
breaks down at temperatures in excess 
of 200 ©, 

As another example, take asbestos. 
Above 200 ©, sulfur hexafluoride is in- 
compatible with this material, possibly 


Slowly 
the water could break down sulfur hexa- 


changes. hexafluoride slowly 


hecause of the water in ashestos. 


fluoride by hydrolysis to form hydrogen 
fluoride, This gas in turn attacks the 
it to 
lose tensile strength. In this reaction the 


silicate base of asbestos, causing 


troublesome water doesn’t seem to be 
simply absorbed moisture. Instead, it is 
probably molecular water—chemically 
a part of the asbestos. 

Mluorocarbons containing only carbon 
tendency to 


and fluorine show a lesser 


decompose at high temperatures than 
sulfur hexafluoride, Products of decom. 
position that result when these gases age 
are small, 

But a large amount of work is being 
and the 


number of chemical compounds devel- 


done in fluorine chemistry. 
oped increases almost daily. Probably in 
the near future, you'll see a gas devel- 
oped that is completely stable at high 


temperatures, 


Toxicity Enters into the Picture 


Fluorine compounds are of great 
interest to engineers in the extremes 
they show. They range from the least 
toxic of substances to the most poison. 
ous. As a class, fully fluorinated fluoro- 
carbons are probably among the least 
toxie of all the known organic com- 
pounds, 

In applying sulfur-hexafluoride gas to 
power transformers, two factors have 
to be kept in mind: the effect of the gas 
not only on transformer materials but 
also on the various persons who might 
be exposed to the gas in high concen- 
trations, 
odor- 


Non- 


poisonous, its products of decomposi- 


Sulfur hexafluoride is colorless, 


inert gas. 


less. and an essentially 


tion resulting from electric ares or con- 


tinuous corona aren't harmful to the 
interior of a properly designed trans- 
former installed and operated under 


typical And 


neither are these products harmful to 


conditions, fortunately, 
people, 

You may be 
of tests run at Yale University on the 
sulfur For 
periods of 16 to 24 hours, albino rats 


interested in the results 


toxicity of hexafluoride. 
were exposed to a mixture of 20 percent 
and 80 hexa- 

the maximum 


oxygen sulfur 


fluoride 


percent 
concentration 
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possible without diminishing their nor- 
mal oxygen supply. They showed no 
signs of intoxication, irritation, or other 
effects, after 


exposure, 


toxic either during or 


Assumie that the entire volume of 
sulfur hexafluoride in an average net- 
work transformer escapes into a small 
room the size of a cube, 15 feet per side. 
In effect, then, the gas would lower the 
room's oxygen content from approxi- 
mately 20.9 to 17.9 percent. Now con- 
sider a person traveling from sea level 
to an elevation of 7000 feet. He would 
experience an even more severe decrease 
in available oxygen. And so, under the 
conditions given, no danger of asphyxia- 
tion exists, 


A Going Concern 


Transformers insulated and cooled 
with gas are no laboratory curiosities. 
Two units of the type pictured on page 
11 are being manufactured for the Con- 
solidated Edison Company of New York. 
Rated 2000 kva at 69 kv, they have an 
overload capacity of 140 percent for 8 
hours. The transformers are operated 
with sulfur-hexafluoride gas under pres- 
sure of 15 psig at 25 €, 

Cooling is accomplished by blowing 
gas at high velocity through the trans- 
former’s winding and core ducts. Circu- 
lated by axial blowers, the gas dissipates 
its heat through two heat exchangers 
assembled in parallel. So that the gas 
will be forced through the winding 
instead of around it, a horizontal barrier 
is provided at the bottom of the core- 
and-coil This held 
tightly against the tank’s sides, divides 


the total volume into two chambers: a 


assembly. barrier, 


high-pressure chamber connected to the 
axial blowers and a low-pressure cham- 
ber connected to the heat exchanger. In 
the high-voltage winding, the flow of gas 
follows a zig-zag path radially across the 


coils. 


Vr. Camilli—electrical engineering 
graduate from the Royal Polytechnic of 
Turin, Italy 


on the Test Course in Schenectady 32 


came with General Electric 


vears ago. In 1925, he transferred to the 
Pittsfield Works where he is presently 
Supervisor, Advanced Product Engineer- 
ing, Transformer Department. 
Coauthor of TRANSFORMER ENGINEER- 
ING (Wiley, 1951), he has 


patents to his well as two 


Coffin 


ou er 


over OO 
credit as 


fwards. 


GENERAL 


Although some cellulose insulating 
materials are used in these transformers, 
tests prove that they aren't combustible 

even when the percentage of sulfur 
hexafluoride mixed with air is reduced to 
10 percent. In addition to this, the unit’s 
all-welded construction prevents leakage. 


Why Gas-Insulated Transformers? 


Why, you might ask, 
even bother with gas-insulated trans- 


would anyone 


formers when oil-filled units are admit- 
tedly good? 

In the first place, gas-insulated trans- 
formers operate quieter than their oil- 
filled counterparts. And they 
tially fire-proof and explosion-proof, To 


are essen- 


engineers not directly involved in the 
transmission and distribution of electric 
power, these features may not seem 
significant. Yet to electric utilities they 
are of great importance. For the utilities 
can now place transformers closer to 
densely populated areas, nearer to the 
point of usage. 

\ fireproof transformer has an eco- 
nomic advantage that you can measure 
in millions of dollars. Presently, under- 
writers require that oil-filled transform- 
ers be located outside the generating 
station, or powerhouse, unless expensive 
indoor fireproof vaults are used. This 
means that a costly system of bus bars 
located outdoors must carry power from 
generators to the trans- 


Because no 


the electric 
formers for transmission. 
fire hazard is associated with gas-filled 
transformers, they can be housed under 
the same roof as the generating equip- 


ment, eliminating the bus 


expensive 
bars or vaults. 

Finally, there are the advantages of 
lighter weight and low maintenance. 

A 2000-kva_ liquid-filled transformer 
requires about 10,000 pounds of oil 
only 200 pounds of gas are needed to 
cool and insulate the same size unit. 
Also, gas-filled transformers need no 
maintenance. 

From a design standpoint, the outlook 
for gas-insulated transformers is good. 
The higher the pressure of the gas the 
better are its insulating qualities and 
heat-transfer And be- 


cause the dissipation factor increases 


characteristics. 


proportionately with pressure, the trans- 


former’s current-carrying capacity may 
be greater. 

And so, while it may seem premature 
to talk about gas-insulated transformers, 
they are a development worth watching 

one that promises to keep pace with 
the demand for more and cheaper elee- 
tricity. Q 
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ENGINEERING SOCIETIES OF AMERICA 


A 


Que, 


a 


nearly 


Motion 


every area of the contemporary world. 


pie tures penetrate 


Even television, with its comparatively 
life, 


creasingly large segment of the popula- 


short commercial reaches an in- 
tion. But despite their rapid growth, 
these media are juniors in the family of 
Less than 50 


television existed only 


communications. years 


ago the idea of 
in the minds of a few farsighted en- 
technicians. Originally, 


flickers 


terms describing the new moving pie- 


gineers and 


movies and were derogatory 


tures—-their flickering motion disturbed 


more than the subject matter enter- 
tained, 

Engineering skill and creativity played 
a fundamental part in the development of 
these fledgling industries. But to achieve 
their present status of influential inter- 
national media, two other factors were 
essential: technological coordination and 
would have 


standardization. Progress 


and limited without the ex- 
the 


worked on technological developments 


been slow 


change of ideas among men who 
in equipment and processes and without 
the standardization of mechanisms, 
nomenclature, and practices that guar- 
Although de 


motion-pireture equip- 
standard 


anteed interchangeability. 
veloping rapidly 


ment had only one relatively 


item: film—and irregularities existed 


there. 


Early History 


Recognizing these needs, a group of 


farsighted engineers interested in the 


young motion-picture industry met in 
the summer of 1916 at the invitation of 
(. Francis Jenkins, 


of the motion-picture projector, These 


one of the inventors 


ploneers eagerly gathered at the Hotel 
Astor, New York City, 
ganization that 
for technologica 


to form an or- 
would provide the 


J cooperation 


means 
and the machinery needed for standard- 
ization. Phe 25 men comprising the 
nucleus of the Society of Motion Picture 
Engineers (SMPE) aspired 2 oe 
advancement in the theory and practice 
of motion-picture engineering and the 


allied arts and sciences, the standardiza- 


By DR. JOHN G. FRAYNE 


tion of the mechanisms and_ practices 
employed therein, and the maintenance 
of a high professional standing among 
its members,” 

To encourage the exchange of tech- 


the SMPE held 


semiannual conventions that provided 


nological information, 


an opportunity for motion-pieture tech- 
nicians and engineers to read technical 
papers and talk shop. These conventions 
soon became musts for the technical 
men of the industry. To give their papers 
wider distribution, the Society pub- 
lished the program material in the SMPE 
Transactions, becoming a technical and 
ultimately a historical reference. 

During the 20's, the Society 


rapidly, paralleling technical advance- 


re 
prew 


ments in the industry. By 1930, member- 
750. And 


Stulé h as 


ship reached lec hnological 


developme nts consolidating 
sound and picture on one film (photo, 
fast that 


supplanted by the 


lower. page 1) moved so 


Transaction was 
monthly Journal which now appears in a 
modernized version as the Society's 
principal publication. 

The continual need for new standards 
and the periodic review of old ones re 
sulted in highly specialized engineering 
committees, These working bodies or- 
ganized to carry out the developmental 
work leading toward standardization, 

This growth stimulated the interests 
of the Society: High-speed photography 
vere included at SMPE conven- 


and 


tions: color became a prime topic; 


more and more a new word television 


kept popping up in the Journal, on 
in technical dis- 


convention programs, 


cussions, and in) committee meetings, 


lelevision was coming into its own. 


SMPE Embraces Television 


By 1950, film used extensively 


This field involved prob 


Was 
on television 


lems and procedures already familiar to 


e 
Dy bra pre the nm of SUPT T- has 


heen acti in the Society since 193] The 


ha previou served as editorial vice 


pre te nf 


president and executive vice 


EIGHTEENTH OF A SERIES 


3) SOCIETY or MOTION PICTURE AND TELEVISION ENGINEERS 


the motion-picture engineer; thus SMPE 
officially expanded to include the in- 
terests of ‘TN And so the 
1950 Journal carried the ot 
Society of Mo- 


Felevision Engineers 


engineers 
January 
ganizations new name 
tion Pieture and 
(SMPTE). 

The two industries greatly influence 
each other’s progress. For techni latis, 


artists, administrators, and writers in 


both 
benefit by sharing their know-how and 


motion pietures and television 


experience Through meetings, com 
mittees, and publications, SMPTE pro 


this two-way 


vides the machinery for 


exchange of information, 


SMPTE. Organization 


Motion-picture and television produc 
tion in the United States centers around 
New York, Chicago, Angeles 
contamming a concentra 


Socrely 


ind Los 
areas sizeable 


tion of members and forming 
the hub of local Society activities which 
fall into three main geographical divi- 
sions: Atlantic 
Pacific, Four 


Western New York, 


san 


Coast, Central, and 
smaller local areas 
Atlanta, the South 
west, and Franciseo—form sub 
sections to provide additional oppor 
tunities for SMPTE-sponsored meetings. 
In addition, student chapters are active 
at the University of Southern California 
and New York University. 

Sections and student chapters elect 
their own officers, consisting of a Chair- 
man and Seeretary-Treasurer, and with 
the exception of student chapters, a six 
man Board of Managers. Seetions hold 
monthly meetings in their key cities, 
with occasional one- or two-day regional 
nold at 


Section 


meetings; student chapters 
least 


_ vu 
meeting 


four meetings a year 


programs usually consist of 


papers, panel discussions, demonstra 
and plant or studio tours. For 


attend 


tions, 
the benefit: of 
papers are often repeated 


those unable to 
conventions 
Nonmembers are 


at section meetings 


always encouraged to come and partic 
ipate, 

Since 1916, national headquarters of 
the Society has New 


been located in 
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currentl it 55 West 42nd 
Street. The headquarters staff and the 
administration of all SMPTE activities 
fall under the direction of the Ex 
work of the 


reporting link 


York (it 


eculive 


Secretary. Coordinating the 


between it and the Board of Governors. 


and servinyy as the 
he is also responsible for implementing 


the policies adopted by the board and 


secCing that the principle in the eon 
stitution and bylaws are met 
Board elected = by 
members for terms 
of 10 officers 
the Atlantic 
In addition, the chairmen of these 


members voting 


two-year consist 
plus 4 representatives from 
Central, and Paeifie sec 
lions 


sections serve as exoflicio members 


The board meets quarter! whereas the 
three or four 
hoard members from the New York area, 


with = the 


Kxecutive Committee 


meets monthly executive 


secretary to «consider control and 
management questions and to work on 


any urgent policy problem 


Society Membership 


Membership in the past 10 years has 


grown approximately 15) percent an 
nually, At the end of 1955, membership 
had 
more than 5500 technical people in the 
& states About 5 


of the Fellows 


elevated to that grade because see 


increased from the original 25 to 


and 56 countries 
percent members are 
thei pro ieney and contributions they 


have attained to an outstanding rank 


among executives of the 


engineers of 
motion-picture or television industries 

Fellow awards are presented annually at 
the fall convention to a limited group, 
Active ol 


‘Oy pere ent 


chosen from the voting 
members numbering about 
Associates 


receive the Journal, attend meetings 


Nearly 53 percent are who 
and 
conventions, and serve on committees 
but who do not vote, hold mayor offices 
Student 


accredited 


or serve as Committee chairmen 
members, those enrolled in 
college or university courses, Comprise 
about 6 percent of the membe rship 

In addition, the Societys 
honorary membership to six outstand 


ing men-——-Lee de Forest 
V. K. Zworykin, electronics wizard 
Kdward W. Kellogg, authority on sound 
John G. Capstafl 
the 16-mm = motion-picture field 
Debrie, 


preture 


awarded 


father of radio: 


recording ploneer in 


André 
inventor of motion 
related 


Disney 


| rene hi 


processing and 


Walt 


motion pictures ——tor 


equip 


and ploneer of 


ment: 
animated 
eminent service in the advancement of 


engineering in motion pictures, tele 


vision, or allied arts 
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laboratories, 


More 100 film 


motion-pieture studios, equipment tman- 


than 


ufacturers, and television broadcasters 
hold sustaining memberships and sup 


port the work of SMPTE 


Conventions 


Being a member ship organization, the 
Society makes every attempt to permit 
active participation of the members in 
its convention activities. These include 


the annual five-day national conven 


lions in the spring and fall plus the 
local 


comes undet 


meetings. Convention planning 
the duties of 


tion vice president: For handling the 


the conven 


practical details of operating a conven 
tion, he selects local committees super 
vised by a local arrangements chairman 

Members find it easy to attend SMPTE 
conventions, for they usually are held 
in New York, Los Angeles, or ( hicago, 
occasional conventions in) Wash 
ington, DC, o1 Manulac 


turers and distributors of professional 


with 


resort areas 


motion-preture and television equip 


ment exhibit their new and improved 


models at least at one convention a 


veal the only place where interested 


originate in control room where camera and 
lighting men can be observed, and actual pro 


personnel can find such a complement 


of equipment. An exhibit will be in 
cluded at the 
held in Los 


12, 1956. 


next Society convention 


Angeles from Oct. 7 to 


Publications 


Technical selected for 


papers, pres 
entation by a Papers Committee. still 
the backbone of 


Most of the papers ineluded in 


form convention 


pro 
vrams 
the Journal come from the conventions 
Because members, sustaining members 
and some 1500 subscribers receive the 
Journal, this publication tries to covet 
a variety of interests and technology 
levels. All submitted are re- 
viewed by a Board of Editors for value, 


pages ol 


papers 


accuracy, and = interest. Journal 


averages some 40 technical 
papers plus 20 pages of service features 


advertising, Society and industry 


book 
nouncements, employment service, lists 


SMPTE and 


other 


news, reviews, new product an 


of future conventions, 


meetings of engineering and 


technical societies. 
Phe Society reprints in booklet form 


papers of unusual interest and value. 
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a 


grams are viewed both in the studio and on monitors 


sole (arrow, left and photo, above) operated by technicians manipulates each lamp individually 


It also publishes special project reports 
such as a currently available booklet on 
wide-screen motion pictures and a forth 
textbook, Elements of Color in 
ional Motion Pictures 


COMIN 
Profe 
Engineering Committees 

The 


nized the 


founders of the Society 


recog 
need for interchangeability of 


assure the industry’s 


SMPTE’s 


established for 


equipment to 
| he 


were 


engineering 


progress 
committees 
development of standards 

deal 
film 


practice, 


purpose Lie 
At present. 14 


projects concerning 


omimittees with 


color, dimen 


rons film projection high- 


sper d photography laboratory practice, 


motion-pieture studio lighting and proc 


ess photography, optics, screen bright 


ness, 16- and 8-mm motion pictures 


sound, standards lereoscopic motion 


pictures, television, and television-studio 


lighting. 


The committees conduct the research 


vork essential to the development of 
new American Standards SMPTE 
Recommended P and carry out 


the initial steps in the 


and 
ractices 
standardization 
Upon completion of 


procedure pre- 


liminary work, the Journal publishes the 


invites com 


nails 
to normalize current practice by stand 


although 


and 


The Society 


proposed standards 


ments and eriticism 
standards 


ardization are es 


sential to interchangeability, each man 
ufacturer or producer is free to accept, 


modify 


The engineering committees also pre 


reject, of them 


pare report ind conduct surveys on 


industry. 


Journal. 


subjects of interest to the 


hese 


which often reprint 


report appear in the 


them. 


Activities 
The 
and tele 
able activit of the 


“ace ording lo 


production of motion-pieture 


vision test films—another valu 


Society—is made 
specifications set by the 
engineering ommittees and contain 
top-qualit ound and picture material 
lest films——-used by equipment 
facturers and dealers, 


educators 


manu 
theater service 
and studio engineers broad 


casters ind others serve as standards 


for checking equipment performance, 
SMT! i with other 


organization on 


‘ ooperale ts 
stand 


These 


technic al and 


ards question ft mutual interest 


The complex elec trom control Con 


Stand 
Radio 


t | 
research 


organizations include American 


Association, Institute of 
Engineers, Motion 
Council, National 
Television Broadcasters, 


Radio Kleetronies 


ards 
Picture 
Association of Radio 
Association of 
Cinema Laboratories, 


Manufacturers Association 


Te levision 
and Inter-Society Color Council 

The Society 
particularly important area: the stand 


Pex hniecal (Lom 


participates in another 
ardization work of the 
mittee on Cinematography of the Inte 
national Standardization Organization 


(ISO). SMPTE 


tional chairman, international secretary 


supplied the interna 


and members of the United States dele 
gation to the held in’ New 
York in 1950 and in Stockholm in 1955 

Coordination and standardization re 


meetings 


main prime objectives of the Society 
However, to formalize another activity 


of high standing, members recently 


voted on a constitutional amendment 
adding to the Society's aims 
and the attain 


guidan e of students 


ment of high standards of education 
Awards 
The 


contributions to 


Society recognizes outstanding 


motion pietures and 
television and encourages their develop 
ment by presenting four awards at it 
fall conventions The 1955 award 
were 

e Progress Medal 


mvention, 


Award for an 
research, of development 
which resulted in a significant advance 
in the development of motion pireture 
or television technology” to Dr, Elmer 
W. Engstrom of RCA for his research 
and development work in color TY 


Warner Memorial Award 


“for outstanding work in the field of 


e Samuel | 


engineering lo 


A for 


sound motion pieture 
Dr. Harry F. Olson of RE 
in audio engineering 

e David Sarnoff Gold Medal Award 
and 


his work 


“for new techniques, methods 
equipment whieh hold promise for the 
television 


Hazeltine 


continued 
lo Bernard D 


Corporation for his contributions to the 


improvement of 


Loughlin of 


development ol color television 
e Journal Award for the 
standing paper originally published in 


the Soviet 


most oul 


Journal during the preced 
ing calendar year” to Richard S. O'Brien 
of CBS for his CBS Color Tel 
Vision Staging and | ighting Practices 
Journal, August 1951 


This year‘ in recognition of — the 


pape I 


} 


achievements of color in motion picture 


will add the 
Gold Medal 


Saocrery 


Kalmu 


technology, the 


Dr. Herbert T. 
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SOUND TRACK AND 
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PICTURE ARE PRINTED ADJACENT TO EACH OTHER ON THE SAME FILM. 


Award for major contributions to scien- 
tific progress of color motion pictures. 


Training and Education 


Recently, the Society has become 
more and more concerned with the in- 
creasing need for trained technical 
people in the motion-picture industry. 
This twofold need calls for more young, 
professionally trained engineers to enter 
the industry and more on-the-job train- 
ing in modern techniques. 

lo analyze this problem and make 
recommendations for meeting it. SMPTE 
appointed -a Committee on Education 
early last year. This group—representa 
tives of motion-picture studios, labor 
organizations, television stations, and 
educational — institutions—-immediately 
recognized the need for more technical 
courses for on-the-job technicians. In 
cooperation with the University of 
California at Los Angeles, the first step 
in the committee's program became 
effective in September 1955: the addi- 
tion of three courses Motion Picture 
Laboratory Practice, Duplication — of 
Color Motion Pictures, and [lumination 
Optics—to the curriculum of the Engi- 
neering Extension Division of UCLA, 
Another course, Sound Recording for 
Motion Pictures, was initiated in Feb- 
ruary of this year at the University of 
Southern California, The reception ac- 
corded these courses by technicians and 
engineers evidenced the vast need for 
and interest in such opportunities. The 
Society also hopes to initiate similar 
courses in other parts of the country 
and broaden its activities to include 
training for theater projectionists. 

Activity flourishes in) the motion 
picture and television industries. To 
bring color TV to the general public, 
engineers and scientists are surmounting 
many remaining technical problems. 
The recent development of wide-screen 
systems and new methods of sound re 
production have improved the quality 
of motion-picture presentation. How- 
ever, these add to the many problems of 
the theater owner, motion-picture pro- 
ducer, and equipment manufacturer. 

Theater men today cannot escape the 
question of standardization. The im- 
ponderables: Should the industry de- 
cide on one system, or standard? Or 
are several necessary to meet the needs 
of various sizes and types of theaters? 
Whatever the answers, SMPTE will 


continue to play a dynamic part in their 


development and in all technological 


activily so important to the motion- 


picture and television engineer. 2 
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& 


OUTSTANDIN( 


PATENTS LITIGATED IN 


U.S. CIRCUIT COURTS OF APPEALS 


PATENTS HELD VALID 


PATENTS LITIGATED IN COURT 


Inventions in the Courts 


By H. R. MAYERS 


\ patent s « hances of being sustained 
by the courts can be investigated in one 
of two ways. First, compare the patent in 
detail with a reasonable sample of other 
that the have 
acted on: second, evaluate gross proba- 
the total recent ex- 


patents courts recently 


bilities in view of 
perience of patents in the courts. 

Confining ourselves to a spot check of 
patents held valid, let’s examine the first 
method. Note that the chief guarantee 
of a favorable outcome for the owner is 
the possession of a patent that fulfills a 
recognized need. 

hor example, one patent that covers a 
feather-plucking machine has been sus- 
tained in numerous recent litigations 
throughout the country. Rubber fingers 
of special configuration successfully de- 
feather a poultry carcass within 8 to LO 
seconds. In spite of arguments attacking 
the quality of the invention, court after 
court has been impressed by the ma- 
chine’s ability to perform a function not 
successfully performed by earlier de- 
vices. 
lower court has 


In another case, a 


recognized invention in a process for 


making rindless Swiss cheese—a product 
industry. In 
that 


invention 


long sought by the dairy 
this 


( heese-making process pro- 


normal rind, the 


appears to be in a curing procedure that 


reabsorbs the rind into the cheese. The 


court decision notes that in 1952 the 


patent owner sold 46-million pounds of 
the new rindless cheese at a price two to 
six cents above the market price of con- 
ventional Swiss cheese—a factor un- 
doubtedly influencing the decision. 

In still 


knowledged invention in a hypodermic 
that 


another ease, the court ae- 


injector successfully injects a 


measured dose of medication through 
the skin by direct projection, without the 
use of a penetrating needle. A chemical 
reaction produces a controlled, in- 
stantaneous pressure within the struc- 
ture of the injecting device—a practical 
result of many previous attempts. 

Many other examples indicate that, 
even in the face of impressive attacks on 
the inventiveness of patented subject 
matter, the courts have decided in favor 
of the patent because of a background of 
demand, Of 


failures and the obstacles overcome in 


existing course, prior 
taking the last effective step toward real 
success had to be proved. 


Naturally 


solving a 


not all inventions involve 
recognized problem. Some- 
necessarily 
either the 
a potential 


times, technical advance 


depends on recognizing 


existence ol a problem or 


for improvement. When a patent owner 
can clearly show one of these qualifie a- 


tions, his chances for a favorable out 


pre rod 


come are 


One case impressively illustrating 


such a situation brought successful 


litigation against a industrial 


mayor 
company. The patent owner's invention 
appeared to reside in merely changing 
the angle of attack of the cutting blade 
of a particular milling machine. In its 
the machine was con 


earlier versions 


sidered satisfactory for most 


Thus the need for and possibility of its 


purposes 


further improvement were not issues 
until this patentee, either by insight ot 
experimentation, discovered that a bet 
ter than LOO percent increase in cutting 
speed could he accomplished by his 
adaptation. 

\ lower 


appearance-design patents covering new 


court’s recent validation of 
shapes of chocolate candies illustrates a 
different applic ation of the power of this 
principle, Here the inventor, or pat 
entee, conceived of chocolate miniature 
animals that would enhance candy sales 
appeal a conception verified by ex 
perience. Clearly impressed by the im 
pact that the patentee’s contribution 
had made on candy sales, a court re 
buffed the defendant, who relied on the 
unlikelihood of invention being found 


in a chocolate animal's shape. 


Infringer’s Conduct 


The background of the invention is 
not the only guide that the courts look 
to in determining the outcome of Titi 
gation. 

The prior actions of the defendant 
the party charged to be an infringes 
may predetermine the court's approa hy 
as in a recent case in the soap and 
cosmetics industry. You have probably 
seen the shaving lather generated by 
as pressure from a can containing soup 
solution plus a compressed gas of suit 


version of this product was held valid 


characteristics. A one 


patent on 
and infringed, in spite of strenuous at 
guments as to its inherent obviousness 
in view of prior ifse¢ ticide spray devi Cs 
and the like. the defendant 
company had apparently filed 
invention in 


However, 
patent 
applications claiming 
closely similar subject matter and also 
decrying the effectiveness of the prior 
art sought to be relied on in litigation 
a circumstance the court thought con 
tradictory to arguments made during 
the lawsuit, 

Again, a defendant may contribute 
to his downfall by too closely or too 


promptly another patentee’s 


lake for 


example, a situation that involved a 


copying 


minor technical advance 


patent covering a seemingly straight 
forward change in vacuum-cleaner de- 


sign: all the design elements were shown 
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TODAY'S FINANCIAL PROSPECTS 


Patentee 


Lowsuit Costs 


B75 O00 
15 OOO 
20,000 
25, 000 


lotal 


S100 000 


to be used in previously pate nted appli 
found the 
valid and infringed, despite the formid 


cause of 


cations. The court patent 
against it be 


defendant s 


defenses marshaled 
evidence ol the 
relationship to the 


iritinmate patenter 


and his prompt adoption of the in 


ventor s ideas. 
All this 


lention to 


that close at 
considerations 


least 


clearly shows 
background 
and collateral circumstances is at 
is important as the narrow technicalities 
in forecasting the results of patent liti 
gation, Unquestionably, the increasingly 
and 


technical character of our society 


backlog ol 


literature and know-how have changed 


the mounting technical 
the court's attitude and approach lo 
patent cases. However, when the tra 
tests of fully 


met and particularly when the collateral 


ditional invention are 
circumstances favor the patent owner, 
he can expect recognition and entorce 
ment of his rights in a fair percentage of 
the cases, 

But to this 


note fails to give due weight to the facts 


conclude on Optimistic 


that confront the person attempting to 
take the 
proach to patent evaluation 


second, ot quantitative, ap 


Statisticol Approach 


ew 
the Supreme Court of the United States 


patents can be brought before 
hut the initially defeated party in patent 
litigation can usually have his case re 
viewed by one of the LO Circuit Courts 
Therefore, the action of 


ol Appeals. 
these courts effectively determines the 
climate in which patents are tested and 
held to be Statistics 
indicate a colder climate today: 
1925 to 1930, 50 percent of the patents 


tested at the appeal level were sustained 


valid or invalid. 


Krom 


as valid, while approximately 25 percent 
are currently being sustained, 

Viewing the administration of patent 
properties aus a problem if} vaummesman 
ship,” let’s speculate on the effect that 
the court's changing action should have 
on the practice of patent owners in the 


enforcement of their patents, 
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Recovery 


Sith) OO 


€1 00.000 


OF OPPOSING PARTIES 


Defendant 


Savings from 
Successful Defense 


Costs and 
Losses 


$25,000 
25, 000 
25. 000 
25 OOO 


4 


£100,000 
100.000 
100.000 


S200 000 & 300.000 


In 1930, the patent owner had a one 
in-two chance of suecess in the typical 
patent litigation. Thus the usual laws 
that the prudent op- 


yest 


of gaming sugg 


erator might have been justified in 


bringing suit, if in the event of a win 


his prospective recovery from the in- 
fringer was at least twice the litigation 
cost (){ 


appropriate to 


course, it would have been 


consider not only the 


prospective recovery from the im- 


mediate infringer but also potential 


recoveries from other infringers whose 
willingness to come to terms might be 
favorably influenced by a. successful 
court action, Presumably based on these 
large num 


considerations, a relatively 


ber of were brought to court 
during the 1920's 


Today's one in-four prospect ol suc- 


patents 


cess demands an expected recovery of 
at least four times the litigation cost. 
Obviously, the 


coveries are much slimmer. 


chances of such re 
Therefore, 
under the laws of gamesmanship, the 
court 


brought into 


1955 


number of cases 


should he 
than those of 
The facts verify this 
(illustration, 19). The 
trend in the number of patents brought 


under conditions 


1925. 


assumption 
page downward 


with the 
The dis 


placement of the two curves (abscissa) 


before the courts correlates 


changing chances of success. 


suggests that the public requires a five 
year time lag to recognize and assimilate 
the impact of the last five years of court 
decisions. Presumably, the depression 
years and World War IT account for the 
hehavior of the litigation curve 
from 1935 to 1945. 


For the patent infringer, or prospec 


errati 


tive defendant, the mathematical game 
has a slightly different aspect (Table). 


e 
Coming with General klectric in 1930 
Vr. Mayers—General Patent ( 
Patent Legal Services, New York 
rraduate of the Test and the 
Patent Program. He holds 


degrees. 


ounsel 
isa 
( OuTSE 
Training 


/ / j 
le rieadi 


enginecring and lau 


owner’s and the de- 


Not line 


fendant’s separate prospects, where the 


patent 


chances of sustaining a patent are one in 
four but where the recovery in the event 
of success is at least four times the cost 
of suit. (The costs indicated may well 
be exceeded in particular cases.) The 
Table assumes a series of four similar 
different and 
the patent holder can hope to win only 


No. l. Also. only 


and, therefore. 


suits, each on a patent, 


one say. one in- 


fringes only one po- 

tential recovery—is involved. 
This that, 

the patent holder breaks even by his 


the defendant 


calculation shows while 


persistence in suing, 
makes a substantial saving by his per- 
sistent defense. All this, 
sumes that the plaintiff, or 
to suit refuses to settle for a sum 


however, as- 
patentee, 
prior 
less than. say, $100,000-——his theoretical 
the event that the 
The 


reduce the defendant's possible savings 


recovery in eourt 


sustains his patent. patentee can 


and thus make presuit settlement look 
more attractive by reducing his terms, 
say, to $40,000—or 40 percent of the 
theoretically exper table recovery. If the 


still 


costs 


defendant elects to stand = suit, 


his total 
$200,000. On the other 


will remain 
hand, his total 
settlement 


and losses 
costs incurred by 
would be reduced to $160,000 (four cases 
at $40,000 each). The $40,000 advantage 


obviously points to economy in out-of- 


presult 


court settlement. 

Io assume that each decision to sue 
or not to sue is based on this kind of 
mathematical evaluation would be an 
oversimplification. Bringing suit often 
reflects emotional or relationship factors 
mathematical 
lead to 


action, ill-advised economically. 


not translatable into 


terms. Sometimes these legal 


The science of patent law attempts to 


predict the outeome of threatened litiga- 


tion with more certainty than the purely 
statistical approach permits. To the 
extent that the patent and its collateral 
facts favorably meet the conditions dis- 
cussed at the outset, something better 


likelihood ol its 


(Lon- 


than a= one-in-four 


being sustained can be assumed, 


versely, in some. situations, adverse 
factors will so predominate as to justify 
a less-than-one-in-four prognosis. In a 
fairly large percentage of cases, however, 
the patent will be neither appreciably 
better nor appreciably worse than the 
average of the patents currently being 
litigated. Today's figures thus seem to 
indicate that in these cases the patent 
owner has roughly a 25 percent chance 


of a favorable outcome. 2 





ASTM OXIDATION TEST for turbine oils is prepared by the 


modified in the laboratory to obtain preliminary information 


The test has been 


concerning the test samples 


iuthor 


Fire-Resistant Lubricants and 
Hydraulic Fluids 


By R. B. McBRIDE 


Iwo recent tragedies —the explosions 


aboard the aircraft carriers USS Leyte 


October 1953 


illustrate the danger of 


and USS Bennington in 
and May 1954 
using flammable fluids in certain types of 
hydraulic equipment. In both explo 
sions, fluids sprayed from breaks in high 
pressure elements of hydraulic catapults 
were accidentally ignited. Investigations 
ol aircratt 


vears indicate 


accidents over a period of 


that a number of aircraft 


fires might be attributed to flammable 


hydraulie fluids. The wide distribution of 


hydraulic equipment in’ aircraft) and 


the high pressures required to actuate 


some components constitute a definite 


hazard 


Industrial users of die-casting and 


machines, presses, and 
automati find 


fluids equally hazardous: 


glass-drawing 
welders flammable hy- 
draulte more 
than one die-casting mac hine operator 
has become a human tore h by the failure 
of hydraulic 


sistant fluids suitable for this service has 


lines near molten metal 


the development of fire-re 


istly the problem of fire 


improved 


With 


on the 


hydraulic applications 
fluids 
broadened to the 


fluids for 


fh-temperature equipment. 


hazard i 


several fire-resistant now 
market 


possibilit ol 


interest has 
using similar 
lubricating hig 
For example, modern steam turbines op 
erate with initial steam temperatures as 
high as LISOF, with higher temperatures 


\ecidental 


onto hot turbine surfaces 


anticipated discharge — of 


lubrie iting ol 
spectac ular 


could pro hile a 


powell 


plant fire 


Kirst. let ippraise the term “fire re 
all organie fluids, in 


shall discuss 


conditions. Ae 


tuall 
fluids we 


under 


sistant Vir 


cluding the can 


be burned some 


cording! the commonly used term 


“nonflammable s less accurate than 


fire resistant 


Paths to Fire Resistance 


Petrole um oll comple KX mixtures of 


hydrocarbon molecules in the viscosity 


range suitable for hydraulic application 
have flash and fire points less than 450 I 
ignition 


BOO | 


and 


of about (00 te 


spontaneou temperatures 


Halogenation 


one well-known method of making fluids 


more fire resistant—substitutes chlorine 


or fluorine for hydrogen atoms in a 


hydrocarbon structure. The perfluoro 


carbons, one class of materials in this 


category, consist essentially of carbon 


among the 


How 


ever, their extreme high cost and poor 


and fluorine atoms and are 
most fire-resistant fluids available 


characteristics 
They 


heen used where contact with liquid 


Viscosity - temperature 
have discouraged their use have 
oxygen was likely, a hazardous situation 
for conventional oils. Partly chlorinated 
hydrocarbons also have good lire resist 
ance: some mixtures of chlorinated 
diphenyls have been used as insulating 
oils in transformers 

Substitution of 


eals into hydrocarbon structures is an 


other way of promoting fire resistance, 
Silicones and silicate esters, for example 
are expensive but provide a measure of 
fire resistance. Certain phosphate-ester 
fluids with good fire-resistant properties 


have seen considerable service as hy 
draulie fluids 

\ttempts to impart fire-resistant prop 
erties to petroleum oils by adding high 
such as 


(volatile 


concentrations of antioxidants, 
diphenylamine, and “‘snuffers” 
materials to reduce vapor flammability) 
proved impractical due to the high con 
centrations required 
In addition to the 


as a basi 


fluids 


constituent 


synthetics, 
containing water 


are providing good service in hydraulic 


applications 


Tests for Fire Resistance of Fluids 


No single test can fully evaluate the fire 


Many 


volatility 


resistant characteristics of a fluid 


factors must be considered 
viscosity, heat capacity of the test fluid 
presence of au duration of 
temperature, and the nature of the test 
In 1948 the Society of Auto 
motive Engineers (SAE) established a 


reference fluid to define the 


exposure 


surlace 


maximum 


characteristics that 


fluids for 


flammability could 


be tolerated for aircraft 
hydraulic service 

American Society for Testing Material 
(ASTM) flash and fire points (Box, page 
92) give some indication of flammability 


temperature 


and spontaneous-ignition 


tests are useful. However, these tests are 
not always consistent. For 
flash 
spontaneous-ignition temperature is in 
the range of 1295 | vdrau 
lic oils have flash points of 350 to 450 f 


temperatures 


‘ xamiple 


henzene point ts 12 | vet its 


Petroleum h 


and 
from 700 to B00 I 


spontaneous iwnitton 
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SOME STANDARD TESTS... 


ASTM FLASH POINT 


The material is heated slowly and evenly in a standard 
cup, and a test flame is passed across the surface at 
intervals of 5 F. The temperature of the material when 


the first flash of ignition appears is the flash point. 


ASTM FIRE POINT 


The same apparatus is used; the fire point is the tem- 
perature at which the oil ignites and burns at least five 


mere onds 


SPONTANEOUS-IGNITION TEMPERATURE 


Oil on a steel surface ignites and continues to burn when 


the surface reaches this temperature. 


HOT-MANIFOLD 


Fluid is dripped onto a pipe at 1300 F. 


MOLTEN-METAL IGNITION 


Fluid is dripped or sprayed on molten metal at 1500 F, 


HIGH-PRESSURE IGNITION 


Spray from orifice at 1000 psi passes through oxy- 


acetylene flame 


LOW-PRESSURE IGNITION 


Hluid is sprayed at 100 psi across a rag saturated with 


burning engine oil 


ARC-IGNITION 


Mluid is sprayed through 1.5-ineh are across carbon 


elec trodes 


OXYGEN DEMAND 


\ flame propagates along a tube filled with fluid mist 
with the minimum volume of oxygen. Less than 50 


percent volume is considered explosive. 


FLAME-TRANSFER 


Asbestos tape is soaked in fluid and the bottom end 
suspended in a flame of natural gas and oxygen. Rate of 


climb is measured 


ASTM OXIDATION TEST FOR TURBINE OILS (MODIFIED) 


Oxygen is bubbled through the fluid maintained at 203 F 


in the presence ol wate! plus iron and coppel catalysts. 


SHELL ROTARY BOMB 


A bomb containing fluid, oxygen, water, and iron and 
copper catalysts is rotated at 292 F for four hours, 


HOT-MANIFOLD TEST 


JPY 


HIGH-PRESSURE IGNITION TEST 





Other flammability tests simulate 


actual conditions or measure 
some arbitrary the bench 
(Box). The Civil Aeronautics Administra- 
tion (CAA) tested 
fluids for flammability in 
full-seale tests employing a wing section 
of a B29 bomber and simulated flight 
lo feign combat conditions. 
fired 
test 


service 
property on 
laboratories have 


hydraulic 


conditions 
the Naval 


50-calibre 


Laboratory 
bullets 
samples of aireraft hydraulic fluids in 


With fluids. 


explosive ignition of the flying spray re- 


Research 
incendiary into 


containers, unsatisfactory 
sulted from the bullets’ impact. Perhaps 
one of the most revealing tests is a spray- 
flammability test also developed by the 
Naval Research Laboratory. This test de- 
fines the minimum volume of oxygen 
that must be present in an oxygen-nitro- 
gen mixture to) permit: an are-ignited 
flame to propagate along a metal tube 
filled with a finely dispersed mist, ot 


spray, of the test fluid. 


What’s on the Market? 


Let’s 
commercially for hydraulic 


available 


fluids 


use. Several 


consider the 


COMpanies now manutacture water-base 
formulations similar to a fluid originally 
developed by the Naval Research Lab- 
oratory for use in naval aircraft. Essen 
tially, these fluids consist of a base solu- 
wate! 


tion of which provides the fire 


resistance—and ethylene glycol. Various 
additives for establishing viscosity, pro- 
tection against vapor and liquid-phase 
corrosion, antiwear properties, and metal 
deactivation are incorporated into the 
formulations. United States aireraft ear- 
riers now use a fluid of this type for 
hydraulic catapults. 

In 1946, a well-known West Coast air- 
craft company began development work 
to obtain a fire-resistant fluid for com- 
In 1948, they came 


up with a new product, the base material 


mercial aircraft use 


being a phosphate-ester fluid. Its wide- 
spread use as a polymer plasticizer and a 
gasoline additive makes tricresyl phos- 
phate perhaps the most familiar phos. 
1948, 


panies have introduced phosphate-ester- 


phate ester. Since other com- 
base fluids for use in industrial hydraulie 
applications 

Presently 


fluids dominate the fire-resistant- 


water-base and phosphate- 
este! 
fluid field, though some partly halogen- 
ated hydrocarbon fluids are available. Of 
course, many factors besides fire resist- 
ance must be considered in formulating 
fluids. In hydraulic 


service, viscosity is important because 


these fire-resistant 


pump weal and slippage, power con- 


sumption, and response of elements in 
relate to fluid vis- 
Non- 


nonterrous 


the system directly 
cosity at operating temperatures. 


corrosivity to ferrous and 


metals and foaming and de-emulsifica- 
tion characteristics are also important. 
Gumming orsludging cannot be tolerated 

With the 


fluids, the chemical nature of the fluids 
present disadvantages. Water-base fluids, 


commercially available 


for example, contain ethylene glycol, an 


excellent paint remover, { sed com 


mercially as solvents and_ plasticizers, 
phosphate esters attack paints, packings, 
and sealing materials. The suppliers, 
however, have acquired considerable 
know-how concerning materials that are 


compatibl with these fluids 


Oil for Turbines 


furbine operators would welcome a 
resistant lubricant. Steam 
temperatures of —LLOO I 
ind 1200 F is considered likely 


really good fire 
have been 
reae hed. 
in the next decade. Remember that tur 
bine-grade petroleum oils have sponta 
neous-ignition temperatures in the range 
of 700 to 800 F. The necessary fire pre- 
vention devices designed into turbines 
may add as much as $40,000 to the cost 
and still not entirely eliminate the possi- 
bility of that 


reach hot surlaces 


accidents permit oil to 


kor some time, our laboratory has 
surveyed and evaluated possible fire- 


fluids for 
for their fire hazard petroleum turbine 


resistant turbine use 


Except 
oils are excellent performers 

Any prospective fire-resistant turbine 
fluid 


ments. For 


must meet some tough require 


instance, viscosity and 


characteristics must be ade 


fulfill 


both with respect to shaft operation al 


lubricity 
quate to hearing requirements 
speed and in turning-gear operation, The 
oxidation and stability must be sufficient 
to insure that the fluid does not deterio 
150 F for ex- 


tended pe riods and subjec ted to aeration 


rate when maintained at 


and churning in’ pump and bearings. 
Hydrolytic stability (stability in’ the 
presence of water) is important because 
overated 


occasionally a turbine must be 


1018, Mr 
development engineer 

Vaterials 
Large Seam Tur 
Schenec 


turbine 


With General Kklectris 
WeBride is a 
Lubric ant Sub-U nit 
Process 
hine Generator 
tady In addition to 


lubricant hed 


sinnes 


and 
Lahorator y 
Department 

work on 
concerned with synthetic 
lubricants, gas turbine and jet aircraft 


fuel 


and plant lubricant problems 


even though water is entering the lubri 
cation system from a defective shalt seal 
ora leaky cooler. 

The fluid must protect the bare metal 
surfaces from corrosion but not attack 
protes tive coatings lo protes t the work 
characteristics of a 


men, the toxicity 


proposed fluid must be considered 
the fluid 


hehavior 


The foaming tendencies of 
must be small to avoid erratic 
ol speed- ontrol mechanisms due to ait 
entrainment. These are but a few of the 
that 
prospec tive fluid. 
hydraulic 


requirements must be met by a 


fluids 
tioned earlier aren't satisfactory for tur 


Commercial men 
bine use. The presence or possibility of 
water entering the system disqualify the 
phosphate esters because of their in 
herent hydrolytic instability. Water also 
helps disqualify the commercial water 
base fluids, although design factors more 
seriously deter their use. 

Besides the 
fluids, 
heen evaluated. The primary screening 
device is a modified ASTM oxidation test 


used to evaluate fluids for oxidation and 


commercial hydraulic 


( ompounds have 


many orpame 


hydrolytic stability, as well as corre 
sivity, foaming, and emulsification chat 

acteristics. An acceptable petroleum tur 

bine oil will pass more than a L000 hour 

in this test without noticeable deteriora 
tion. Another similar test for these prop 
erties is made in the Shell rotary bomb 
These and other tests quickly eliminate 
most fluids, 

Fests for viscosity, pour point, and 
other physical properties disqualify some 
fluids immediately. Other 
that no extended 


The ASTM 


one other Wise 


fluids are so 
fests are 
test 


COPrrosive 
necessary, oxidation 
transformed promising 


fluid into a useless gel in 24 hours. 


Prospects 


Three experimental phosphate-ester 
fluids modified to overcome hydrolytic 
instability and one water-base fluid ap 
pear promising in bench tests. Currently 


Iwo lesting the 


power 
modified phosphate-ester fluids in boiles 


third 


‘ Ompantes are 


feed-water pump turbines, and a 


company has initiated a test of one fluid 
Kluid 
these 


in a large turbine-generator unit 
dele 1- 
trials. 


have been uncovered in 


The experience gained from these tests 
will be invaluable in future research and 
development activities. Successful in 
hydraulic applications, fluids of this type 
appear likely contenders for recognition 
as lubricants for high-temperature 


equipment. $2 
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Missile Guidance—Steel Nerves, Steel Muscles 


considered the 


The 


highest general intelligence, is 


human brain, 
losing 
out to the more specialized thinking 
machines in almost all problem areas 
particularly in the guidance and control 
of missiles, Operating with steel nerves 
and steel muscles, these guidance sys- 
tems solve the complex problem of di 
recting the right missile to the right 
place at the right time. 

Missiles do not lend 


selves to a single set of categories The 


readily them 
two basi ty pes of missiles are the pilot 


less aircraft type, in which eleetront 
and other guidan a device - replac ef a 
man, and the ballistics, or “wingless 
missile—more of the Buck Rogers. ot 
spaceship, variety and the one that will 
he considered here, 

A major category of ballistic weapons 
is the surface-to-surface (or ground-to 
ground) missile, such as the Corporal, 
Its equivalent in conventional Weapons 
is the artillery gun or, for longer ranges 
the bomber. 

Another important type—the surface 
to-air missile-——complements or replaces 


artillery and 


antiaircralt interceptor 


The surface-to-air category in 


Nike and 


defense Weapons as well iis the longes 


aircraft, 
cludes the other target-area 
range continental-defense missiles, 

Che air-to-air missile looks like a sure 
bet as the 
fensive armament for 
craft. Missiles that fly faster and reach 


primary offensive and de 


most future au 
farther than conventional armament are 
already a reality. 


rhe 


many miles from the target by the car 


air-to-surface missile, launched 


rier bomber, eliminates the necessity of 
sending a large, manned aircraft directly 
over the target area 

Other categories of missiles, perhaps 
dificult) to 


underwater-to 


slightly more bizarre and 


visualize, include the 
surface and underwater-to-air missiles 

naturals for armament of either atomic 
You al- 


ready know about underwater-to-undetr 
The air-to- 


or conventional submarines. 


water missiles, or torpedoes 
underwater missile can be used to com 


bat the enemy submarine menace. As 


the technology advances, new cate 


gories always crop up. For example, 
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By DONALD E. MULLEN 


surlace-lo-space or space-to-surtace of 


space-lLo-space varieties may eventually 
he ‘ onsidered., 

Not a true guided missile, but indis- 
pensable to the technology, is the cate- 
gory of research and test vehicles. 

ach guided missile could use one or 
more methods of guidance. 


guidance to date offer infinite variations 


optimum 


relatively few basic methods of 
and combinations that defy listing, let 


alone dese ribing. 


Guidance Systems: Preaiming .. . 


An easy way to enter the general sub- 
ject of missile guidance is to back in. 
One type of modern rocket weapon is 
not guided but merely preaimed. By 
knowing where you are, where the target 
is, and having data on wind and other 
meteorological conditions. you can aim 
a rocket just as you would a gun, The 
Honest John, for Army 


artillery 


instance, is an 
unguided — surtace-to-surface 


rin ket. 


Programming... 


The next step in guidance sophistica- 
tion is programming. A timing motor o1 
other clockwork mechanism can be used 
to guide a missile. A motor-driven cam, 
for example, can generate a program of 
deflection of the control surfaces as a 
function of time, guiding the missile to 
Other 


such as speed, altitude, motor thrust, ot 


an intended target functions 


other missile parameters can be con- 
trolled. Programming is not the smartest 
type of guidance because unpredictable 
winds and other abnormal conditions of 
flight would not be sensed and would 
produce errors in the missile’s path. 
However, programming is small, light, 


Sales Engineer, Special 


Vr. Mullen 
Defense Projects Department Schenec 
tady——joined General Electric on the 
Test Course in 1919. He developed field 
test equipment for the Hermes missiles 
later organizing and supervising missile 
orientation and training courses for GE 
Presently he 
handles his department’ s sales to the 


U.S. Army 


and military personnel 


and reliable, not requiring any form of 
that 
advertise its presence or permit the ad- 
intelli- 


exterior Communication would 


dressee to confuse its control 


vence, 
Radio Command... 
The 


guidance has many variations. One sys- 


important category of radio 
tem guides a missile to a fixed target on 
the surface of the earth. A ground radar 
monitors the position of the missile as 
it travels along its trajectory. The data 
are transmitted to a computer, giving 
the missile’s position and direction; the 
computer formulates commands to be 
transmitted to the missile for correcting 
The data gathered by the 


radar can represent several quantities 


its course, 
and be in various forms. 

The more conventional radars meas- 
ure slant range (direct distance to-inis- - 
sile), elevation angle, and azimuth an- 
vle, with the possible addition of de- 
rivatives of these quantities. The com- 
in turn can generate commands 
that deflect the 
adjust the missile’s 


pute! 
for transmission will 
control surfaces, 
motor thrust. of perform various other 
insert 


(the 


The whole idea is to 
stable 


ground guidance station’s position and 


funetions, 


a known and reference 


orientation) into the guidance equations. 
Radar is only so accurate. For a radio 
other, has its limita 


system. like any 


tions. Tolerances in) components and 


circuits, as well as atmosphert hose 


and other variables, produce a certain 
amount of error in radio guidance sys- 
tems. The total powel required to trans- 
mit a dependably strong signal from the 
ground station to the missile increases 
The 
with the 


sight characteristics of the radio waves 


rapidly with range. curvature of 


the earth, coupled line-ol- 


normally used for missile guidance 
limits the range of guidance. Refraction, 
or bending, of the transmitted beam due 
to atmospheric effects or proximity to 
surface contours also introduces errors 
into a radio guidance system. The radio 
system advertises its presence by radiat- 
ing energy that can be picked up by 


| he 


enemy monitoring installations. 


picture ts not entirely black because this 
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MIGHTY MIDGET —Falcon guided missile—was de- MISSILE FAMILY developed and produced by Army Ordnance includes Honest John 


veloped and produced by Hughes Aireraft for USAF, 


ue 


GROUND-LOCATED RADARS developed for Army Ordnance installations form an essentia 


part of the beam-riding missile guidance system by directing the Nike to its target. 
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(left), an artillery rocket, and Nike (center) and Corporal, both guided missiles. 


guidance method permits leaving much 
of the guidance equipment at the ground 
location rather than in the missile. Fur- 
ther, by means of radio guidance, the 
launching-battery commander always 
knows the location of the missile. In- 
telligent use of radio guidance—know- 
ing and respecting its limitations—pro- 
duces an effective guidance system. 


Celestial... 


Another basic type of guidance is 
celestial reference. The art has produced 
devices that can track stars or other 
celestial bodies automatically—another 
specialized method of establishing a 
known reference in the missile guidance 
system. Rather than radio energy, 
the missile receives light energy, also 
having limitations. This system is eflec- 
tive only “over the weather,’ because 
cloud cover or other weather phenom- 
ena would block the light source—stars. 
And, conceivably, someone could pro- 
duce an artificial and distracting light 
source that might confuse the star 
tracker. All in all, it appears to be a 





unique method for missile guidance or, 


more properly, navigation—undoubt- 
edly, the prime navigation reference for 


the first rocket to Mars. 


Inertial... 


One 
attention today is inertial guidance, es- 
celestial. kor 


method receiving considerable 


many years we 


sentially 
have known that a perfect gyroscope 
Can give a relerence fixed to the average 
position of the fixed stars. In other 
inde- 


hus 


relerence 


words, a gyroscope is a device 
pendent of the earth's motions. 
the creation of a gyroscope 
forms a self-contained celestial reference 
in a guidance system. This reference is 
perfect only as the gyro 1s pertect. In 
the last five or six years, significant ad- 
vances have been made in the gyro art, 


and more are 


field 


tolerance, 


expected, This uncon- 


conventional 


ventional presents 


problems: friction, dimen- 


sional stability, and others. 
With the 


direction reference, a device known as 


gyroscope furnishing the 


an accelerometer measures motion in 
the known coordinates. Starting from a 
fixed location, such as the launching 
this 


measures 


site, combination of instruments 


certain components of the 
missile’s acceleration. The inertial sys- 
tem then does some mathematics, per- 
forming the equivalent of a double in- 
tegration, and distance 
traveled, 


Entirely self-contained, inertial guid- 


computes 


ance neither radiates any energy nor 


responds to any external energy. Ex- 
cept for testing and adjustments, no 
ground guidance equipment is required, 


Within 


guidance for surface-to-surface missiles 


these basic categories ol 


are many variations and combinations. 
For example, radio guidance over a first 
portion of the trajectory might be the 
best 
is short and the signal strength good. 
Probably 


ficult time jamming the radio command 


choice——the transmission — path 


the enemy would have a dif- 
link near the launching site. Then, part 
way along the trajectory, conversion to 
inertial vuidan e might be wise, thereby 


links 


missile, 


eliminating radio ‘ ommand ove! 


the extended ranges of the 


With that as a 


combinations can be conjured up from 


starter, all manner of 


the building blocks just discussed. 


Homing... 
rhe 


guided 


other predominant mission of 


antiaireralt, of 


dif- 


bec ause 


missiles is the 


surface-to-air, category—basically 


ferent from surtace-to-surlace 


the target is not fixed. Instead of getting 
all the ballistic 
computer settings from maps and firing 
tables 


is required to monitor the location of 


constants and missile 


a tracking radar or other device 


the target 

The first and most obvious solution 
to the moving-target problem is a hom- 
that 
heat, and radio trans- 


ing device using elements will 


sense light. noise 
missions. If the target produces any 
ol the oh 


unit can home on the signals and direct 


the missile guidance 


energies, 


the missile to the target. Because “no 


other natural emanations from 


except 
required, this general 


‘ alled 


the target are 


family of guidance systems is 
passive homing 

\ slightly more complex, semiactive 
homing tracks the 


reflections from the target. Some form 


scheme scattered 


of energy radiator, perhaps a ground 
search light, radar set, or similar device, 
is located nearby to illuminate the target. 
Because of the control over the radiated 
energy, the device can be made selective. 
And the total radiated energy level for 
the missile to track can be increased. 
In the active homing system, both the 
illuminator and the homing device are 
located in the 
operation is no different from any other. 


missile The price iple of 


Homing systems cause the missiles to 


fly on a homing course that may not be 


efherent or effective for in 


target. If the 


the most 
tercepting the enemy 


knows the characteristics of homing 


systems, he can develop optimum 


maneuvers to avoid 


The speed ol the 


howe ver, ¢ onsiderably 


evasive intercep- 


tion. antiaireralt 
missile protects 


against this delensive maneuver. 


. and Beam-Riding 
Anothe I 


method is 


guidance c 
Che 


guidance device Is designed lo 


surlace-to-all 
a beam-riding system. 
missile 
steer the missile so that it will remain 
in the center of the radio beam being 
transmitted from the ground, This beam 
can be positioned by commands from a 
computer data. 
With this equipment, it is possible to 


furnished with target 
lead a larget and to compute collision 
or “intercept” courses to fly, which are 
more efficient than “homers.” The main 
disadvantage compared with the homing 
systems lies in the additional complexity 
of the equipment, 

Radio 
those 
pons can be employed in the antiair 


eralt Missile 


computed from target data and trans 


command systems similar to 


used for surface-to-surface wea- 


missile commands are 


mitted to the missile. The command in 


beam position ot 


telligence, not the 
other conditions, maneuvers the missile 

Let's turn now to the unique chara 
teristics of guidance. Any missile guid 
ance system must perform all the needed 


functions for a mission in a pe 


and 
For example, one simple sys 


given 


culiar way under trying cireum 
stances, 
tem might 


e Maintain the system 


coordinate 
relerence 

e Determine missile location and di 
rection in three-dimensional space 

e Compute or receive and act on 
corrective commands 

e Measure and compensate for vary 
ing flight conditions, 

Guidance equipment in missiles sub 
mits to extremely severe environments 
Temperatures inside the missile range 
from the cold of liquid oxygen to the 
heat of the motor combustion chamber 
Problems of skin frietion and heating 
continually plague the missile guidance 
The magnitude of steady-state 


shock Is 


encountered in 


experts, 


acceleration, vibration, and 
than 


manned aircraft or other instrument ap 


worse those 
plications, 

Still another problem confronts bal 
listic missile guidance experts: maneu 
vering within an amazingly short pe 
riod--a magnitude of Once 
launched, the missile climbs rapidly into 


set onds, 


the stratosphere. For much of the re 


maining flight, the air is too thin. to 


produce steering forces on the control 
sillnie 


surfaces of the missile. For the 


reason, external disturbances cannot 
appreciably affect the missile’s path 

On the way down, a portion of the 
second short maneuvering period may 
be used just to recover from the high 
speed re-entry into the dense air, At 


high Mach numbers, this can be com 


pared to missing your timing on a full 


twisting |!o dive from the 3-meter board, 


Thus you see that the guidance sys 


tem must surmount the serious ob 


stacles of numerous functions, severe 


operating environment, and — limited 
operating time. And it must be tactically 
harsh field conditions by 


well 


be wearing arctic mittens at the time 
result of 


usable under 


modestly trained troops--who may 


Progress—the combined 
genius, sheer manpower, and vast sums 
made in missile 


of money--is being 


guidance systems despite all these dis 
heartening obstacles, 
unbelievably 


will he 


Guided missiles, already 


smart, tough, and unemotional 


} 


even smarter tomorrow, V 
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1 For final grooming of the diesel-electric locomotive before its check brakes and air lines; and make a general inspection before 
run, energetic bri Hop men ish down each unit: fuel it dispate hing the locomotive to the vard for coupling to the train 


2 Hand on throttle, hostler prepares to move the 3 On the ready track at last, the 6000-hp locomotive waits for its crew in the 


million-dollar de velopn ent locomotive out of the 


predawn gloom. The run is 400 miles from the Erie yards in Marion, Ohio 


diesel shop to the ready track for its trai to Hornell, NY, but each crew will ride only two divisions, or 200 miles 
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Erie's Friendly Locomotive 


By D. N. ABOUDARA 


at dawn one fall 
morning on the track in the 
Erie Railroad yards at Marion, Ohio. Its 


I first saw the 750 
service 
diesels were warming for our morning 
run. Told to time to 


help with the I climbed 


cab and introduced myself to 


report in good 
preparations, 
into the 
the crew 

The davs following proved that the 
crews really live up to Erie's slogan, 


“The Railroad.” By the 


terms of the agreement between Genera! 


hriendliest 


Electric and the Erie, who operate this 


development locomotive, the crews 
responsible for 
Yet time 


then 


technically are not 
G-EK observers 


thes 


extra comforts 


and again went out of Way 


to help us and make us comfortable. 


THOPTETage | Was SO 


For instance, one 
rushed with helping to prepare the loco 
motive for the road that | missed break 


fast. \ hive 


Salamanca 


minute scheduled in 


NY, 


and eat a 


stop 
wouldn't allow time 
breakfast. John 
brakeman, suspected my 


ahead. When we 


ardman presented me with 


to order 
Davis thre 
plight and phoned 
pulled in, a 
the best-looking food I'd seen in some 
tine 

When I fu 
ignorant of railroading. On 
1 was left behind 
moments panic 
Kent, Ohio, I 
gel something to eat The 
told me 
about 20 minutes and promised to warn 


that | 


t began riding the 750, I 
Was pretty 
or so | 


When 


wanted to 


the first run 
thought im oa 
we stopped al 
enpgineman 
would be there 


that the train 


the new engineman was al the 


grub shack 
When | came back 1O minutes later. 
the 750 i Horrified, I had 


visions of being marooned in Kent and, 


vone 


worse, having to explain to my boss 
why | wasn’t on the last half of the run 

[wo minutes dragged by before | saw 
a familiar locomotive backing down the 
track had 
cars from the train, but | was too green 
to think of that 

| learned fast 
didn't want the 
a tenderfoot. | 


block 


crew 


she out a few 


yone to set 


though, because | 


reputation of being 


soon was able to read 
understand the 
hoptalk. Onee, if Davis had 
said | i had a kicker and 


went in thie I would have had 


signals and to 


night we 


pig hole 


to ask for an explanation. Now | know 


that when the engineman lightly applied 
the brakes, 


genes brake to operate all down the 


a mishap caused the emer 


train, bringing it to a sudden and uncere 
monious stop. | learned not to step ona 
rail, for you can slip and crack your 
skull on the opposite rail, And a blue 
flag or light attached to the head of a 
train means that a locomotive must not 
he coupled to it: someone is) working 
around the cars of Inspecting the 
Only that 
signal when he is through. 

One winter night we left Hornell in 
Phe 
chargers drew great quantities of areti 
the cab 
not to touch things carelessly for fear 


tight to 


train, man can remove. the 


lO-below-zero > weather super 


air inte The crew warned me 


that my hands would freeze 


them 
As I wa 


the four 


checking load distribution 
I found that 


protesting 


among engines 


unit) was 


the engine in D 
load 
with this 
responsibility to 
| grabbed tool 


a pall ol work gloves to protect 


about taking Because the crews 


were unfamiliar new locomeo 


tive, if was my fined 


the trouble and fix it 
and 
my hands from the cold fittings. | found 
the trouble easily: a slight binding in the 


linkage between the engine governor 
and the injection-pump rack eut down 
the fuel injected and consequently thre 
horsepower output | reported to the 
engineman and asked him if he would 
need all the 750's 6000 hp during the 
rest of the shot back 

You remember the one percent yrade 
outside of West Salem that | told 
about? We'll be minutes 
and we'll need all four units to make the 
top. “OK 1 replied. Going back to 
the engine in D unit, [| prepared to 
sweat out the rest of the trip. As we hit 
the grade, | gave the fuel rack the little 
extra boost and the 


roared as usual, [It was thrilling to hear 


run. He right 


you 


there in a few 


Necessary erage ine 


the diese Is me ttle down and talk turkey 


as they hauled our 6500 tons up that 


grade at 15 mph 


Chat’s what it’s like to be a railroad 


observer—-always something going on 


some acute excitement now and 


And there 


7) 


with 


then sno better way to learn 


railroading 
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iuthor Aboudara (right) has several min 
ule intensive to do before departure of the 750 
Aboudara joined Gk on the Test Course in 1950. Leaving 
Nid employed by the Food Mac hin 
ery and Chemical orporation Jose, Calif 1953 
i Transportation Specialist Trainee 


joining the crew 
work 


the Company in 1952, he 


San until 


rejoined Gk a 
ind Car hquipment Department erie 
Transportation Specialist with the Com 
San Francisco Office 


when he 
in the Locomotive 
Pa. Presently, he i 


\pparatu Sales Division 


pany 


Erie's Friendly Locomotive ....... 
6 


No. 750 thunders swiftly through a whi 
tle top in New York State without slow 
Railroad have 
known to vigorou ly scold motorists and 
truckers with the 


grade crossing 


ing down crew been 


tirhorn for racing al 


With the No. 750’s diesels workingat full 
throttle to accelerate the 120-car freight, 
Aboudara begins recording essential per 
formance information. On a typi al run 
takes 
These plus facts and ideas 


the observer ibout & pages of 
engine data 
will aid the designers in creating future 


locomotive 


Old timers who work along the line ex- 
vect much of the locomotive. Crews who 
se not operated it have heard of its 
performance. Once, a fault in the auto 
matic-sander circuit poured sand over a 
new switch in front of a group of Erie 
officials inspecting the yard. And switch 
sanding is a cardinal sin in the rail 
book. But G-E field engineers 
corrected the fault before the 
story could travel up and down the line 


roader s 
almost 





WHY A DEVELOPMENT 
LOCOMOTIVE? 


To develop and prove components of com 


plete reliability for locomotives intended for 


overseas service, GE's Locomotive and Car 
Equipment Department needed a development 
locomotive in an assignment tough enough to 
work every component harder than it could be 
worked in any out-of-the-way corner of the 


world, 


This 6000-hp locomotive is divided into four 
sections, permitting the power to be matched 
to the train—no wasted capacity here. The 
fluted side sheets of this tough locomotive 
provide the low weight and rigidity needed for 


its demanding task. 


rhe diesels are Cooper-Bessemer, four-stroke 
eyele, and turbosupere harged with the L800 
hp engines being V-12s and the 1200-hp en 
gines, V-8s, Each is directly coupled to a d-« 
generator of the latest design. Traction motor 
one on e@at h of the four ixles per unit ive 


geared for 65 mph 


Dynamic braking uses the motors to retard 
the locomotive and train on hills and to slow 
the train for stops. This not only saves wear 
on shoes and other brake gear but also gives pre 
cise and easy control, The locomotive, designed 
with the crew's comfort in mind, has an amply 


heated, quiet cab, 


To prove their new locomotive, the builder 
looked around for a neighboring railroad that 
carried heavy freight traffic over challenging 
terrain. The Erie met all these requirements 
and was convenient to headquarters as well, 
They agreed to supply crews, fuel, and the 
usual maintenance. A G-E observer would ride 
the locomotive to gather spec ial data on each 
run. Numbered the 750, the locomotive joined 
the pool at Marion, Ohio, where it took its 
turn with the others on the regular run to and 
from Hornell, NY. On this 400-mile trip, the 
750 handles any of the road freights that come 
along including Erie's hot-shots between Chi- 
cago and New York, which operate at schedule 


speeds usually attained only by passenger trains. 


Mileage accumulates rapidly in pool service, 
In its first 18 months, the 750 covered more 
than 186,000 miles, or about 2400 miles per 
week 

During the first year of operation, six ob- 
servers were needed to vather the figures fac {s, 
and ideas that the designers will use in creating 


future locomotives 


The observers—-young engineering graduates 
beginning their careers in transportation engi 
neering—will later specialize in design, develop- 
inent, or sales, Their tour on the 750 was part 
of their training; apparently a few heetie 
moments in a freezing swayitg engine room 
taking emergency action provide a powerful 
incentive to eliminate sources of locomotive 


troubles during the design stages. 





Automatic cooking unit 
boils, fries, and warms food 
without attention, making 
everyday utensils automat- 
ic. The modern homemaker 
has better results for 
time and effort with... 


less 


Controlled-Temperature Cooking —Progressmi 


The electric appliance industry strives 
toward one objective: to lighten the 


modern homemaker’s burden by pro 
ducing better results with less time and 
effort on her part 

Visitors to this country may marvel 
at the myriad appliances that simplify 
tasks. But the 


woman takes them for granted, willingly 


household American 


accepting even more automation in her 
kitehen. Most of 


ing, ironing, dishwashing, disposing of 


the chores—launder- 


food waste, and cooking taken ove! par- 
tially or completely by appliances make 


her life pleasanter and more leisurely, 
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By S. C. JORDAN 


Until recently, surface eooking hadn't 
changed much despite the convenience 
of electric ranges with their push-button 
timers, and other 


controls, automatic 


features (photo). 
Grandma's Oven 


Not too many 
first practical oven thermostats were 


years ago when the 
exclaimed, 


cook 


who 


introduced, many women 


“Grandmother was a wonderful 


and she used a wood stove. So 


needs an oven thermostat? Automatic, 


fiddlesticks!”’ 
But delicious 


Grandmother's pies, 


E 


NERAL 


and were the result of 
many hours over a hot stove. And she 


had to find the right temperatures by 


cakes, roasts 


trial and error. Many failures taught her 


that foods require numerous and varied 


cooking techniques. 

Your wife, the modern homemaker. 
shouldn’t have to spend years learning 
how to handle oven-cooked foods. Today 
an oven thermostat makes an expert 
cook out of any housewife willing to 
follow directions. Automatically, the 
thermostat brings the oven to a set 
temperature and then cycles the heating 


and off to maintain it. 


element on 


ELECTRIC REVIEW 





min the Kitchen 


Mi anwhile 


contributions in the 


your wife is free to make 


othe home, at 


business, or in civie affairs. 


Surface Cooking 
\ logical 


stat-controlled 


outgrowth of the thermo 


automatic, of 


cook 


oven 1s 


controlled-temperature, surface 


ng 


If oure not particularly familiar 


vith culinary art, surface cooking em 


ploys two main processes: frying and 


boiling. Adapting a controlled-tempera 


ture system to these fairly simple pros 


esses 1S trick \ look at each 


Sse pa- 


ratel <plain the control of surface 


cooking 


Frying... 
When oul 


electric 


wife tries food on an 


range he place 3s the food in a 
to the 
incidentally, 


levels de 


position 


utensil and turns on the 
unit This 


number of 


pow? I 
surlace unit, 
supplic i powell 
used 
heat 


even 


lattes 


pending on the switch 


Surlace unit are operated by 


switche ranging from five and 


in infinite number. The 


mtinuous range of wattages 


' ero to maximum, 
hese switch positions brings 
the utensil to a temperature where its 


heat bsorption and radiation losses 


just jual the heat input lempera 


tures utensils. But a good 


cook nm xcellent results using 


only. five powell levels on an eleetris 


range 
beac h 


temperature —but 


food has an optimum frying 


finding it may be 


complicated For you can't fry one-inch 


skillet 


and 


chops in different size over the 


heat se fling 
heat 
with skillet 


Lo compensate for this differential 


same expect equal 


results, because distribution and 


radiation losses vary Ize 


of direc 
dial 
food 


your wife needs a general set 


tions. She determines the proper 
setting by carefully observing the 
as it fries. This consumes both her time 
and attention-——an obvious drawback 
The alternative: an automatic surface 
that frees your 


kitchen chore 


unit, or controlled heat 


wife from one more 


busy 
She has only to proper tempera 


ind f{rving becomes an extremel 


What's 


lure 


more, the 


simple operation 
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TEMPERATURE -SENSITIVE DEVICE (ARROW) 


proper temperature automatically main 


tained produces the best results. 


. . « and Boiling 


Although simpler than frying, boiling 
presents a more difhieult control problem 
to the engineer 

Boiling requires putting food in a pot 
of water and placing it on the electric 
chief 


unit. Immediately, 


cook wil! 


surface your 
switch the unit to high heat 


boil. At the 


she reduces the heat to a 


to bring the water to a 
boiling point, 
lower setting, depending on how vigor- 
ous a boil the food requires. 


Here the skilled in 


cooking uses many 


the art of 
tech 
niques, Some women, for example, use 


wile 
and varied 
large amounts of water while others do 
not, Some cover the pot; others don't. 
But no matter which technique your 
wile uses she can gel excellent results 
by manually selecting switch positions. 

Controlled little 
or nothing to improve the quality of 
boiling food. Water begins to boil at 
212 F; heat 


creases the rate of boiling and doesn’t 


temperature does 


any additional only in- 
aflect the maximum temperature. 
Controlled temperature, however, can 
do two things. First, it can relieve your 
boil. 
When it does boil, the unit automati 
heat. Second, 


surface unit helps pre- 


wile of watching for the pot to 


cally switches to a lower 
the automatic 
vent the pot from boiling over or boiling 
dry and can save the food from burning 
if accidentally left on the unit too long 
after the food is cooked. 


How It's Done 


A temperature-sensitive device located 
in the center of the surface unit func 
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tions as the temperature control on the 
electric range (photo). A hydraulic ther 
mostat, this control is spring-loaded 
against the pressure of the pan’s bottom. 
It operates on the prin iple of the 
changing volume a liquid undergoes 
with temperature change (illustration). 
Liquid in the fixed-volume chamber 
contacting the utensil’s bottom expands 
through a capillary tube into an expand. 
able chamber that opens a pair of elec- 
tric contacts. When the liquid contracts, 
the contacts close, applying heat to the 
surface unit. 

Such a system gives dependable and 
economical control — of 


Relatively inexpensive, its parts perform 


temperature, 


well and have good service life. 
While the readily 
frying temperature, it has no provision for 
fast 
which depend on the amount 


system controls 


controlling boiling rates—slow ot 
rolling 
of heat consumed. 
An auxiliary device controls boiling 
Like the hydraulic 
regulated by the 


thermostat, it 


dial 


rates. 
too 18 setting 
located on the backsplash. 

If your wife wants to cook peas at a 
low boil, she simply sets the pot on 
the surface unit and turns the control 
knob to Low Bor. The unit rapidly 
heats up, bringing the food to its boiling 
temperature. At that point the thermo 
stat cuts out, and the auxiliary device 
takes over. It begins to cycle the surface 


unit on and off, maintaining the average 
* 


Vr Jordan joined Gk “i the Lngineering 
Section, Fan Department in 1947, Later 
he transferred to the Range and Water 
Heater 
Louisville, Ky., where he is now Project 


Department, Appliance Park 


Leader of Components and Controls 


FIXED-VOLUME CHAMBER 
IN CONTACT WITH 
COOKING UTENSIL 


EXPANDABLE CHAMBER 
TO OPERATE CONTACTS 


LIQUID-FILLED 
CAPILLARY TUBE 


OPERATES ON THE PRINCIPLE THAT LIQUID VOLUME VARIES WITH TEMPERATURE CHANGE. 


boiling rate set on the dial. If your wife 
later wants a higher boiling rate, she 
turns the dial to a higher boil position 
Although the 
cycling on and off, it now stays on for a 


surface unit continues 
longer time interval. 

(s long as some liquid remains in the 
pot, the peas continue to cook at the 
average boiling rate set on the dial, 
Now if the pot boiled dry while your 
wife talked on the phone, its tempera- 


When it 


temperature 


ture would sharply rise. 


reaches a_ certain say, 
230 F—the hydraulic thermostat’s de- 
tector senses this and immediately shuts 
off the power supply to the surface 
unit. Thus foods are prevented from 


burning even if the pot boils dry. 


Keeping the Pace 


Today’s electric cooking with con- 
trolled temperature—a long step from 
grandmother's wood-fired oven—repre- 
sents engineers’ latest advance in their 
efforts to lighten household chores. 

With continual perfection, controlled- 
temperature cooking will emerge as a 
milestone of modern living. Along with 
other developments in electric cookery, 
it will give your wife faster, cleaner, 
more economic, and better cooking 
results. 

Yet this is but an indication of things 
Last Americans used 
electricity in their homes than 
120.5 billion kilowatt- 
hours, or fifth of the nation’s 


total production. In & to LO years, this 


to come, year, 
more 
ever before 


one 


figure may double. 

If progress in appliances keeps abreast 
and it 
even the sophisticated Ameri- 


of this prodigious pace seems 


likely to 


can housewife may be impressed, Q) 
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SWIMMING POOL REACTOR, one ofthreeG-E tities of neutrons. Its flexibility, safety fea- 
research reactors available under the 7-point tures, and high flux potential appeal to 
program, is designed to produce large quan- universities and research organizations. 


NEW GENERAL ELECTRIC 7-POINT PROGRAM: 
” Sati » 





REACTOR SPECIFICATIONS are pre- BUILDING STUDY also includes com- HAZARDS SUMMARY REPORT: 

pared to meet your research require- plete co-ordination of all plans for We help you prepare study for 
ments. These include details on core, the many facilities required in the re- submission to AEC Division of 
control, and reactor components. actor and laboratory buildings. Civilian Application. 
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How General Electric can help you 
enter advanced nuclear research fields 


New G-E 7-point program simplifies procedure 


for obtaining a nuclear research reactor 


There is more work involved in obtaining a nu 
clear reactor for advanced research than simply 
ordering one. Specific research requirements must 
be determined beforehand, an appropriate design 
selected, and necessary AEC construction per 
mits and licenses obtained. Other essential steps 


are covered in the program outlined below 


NEW GENERAL ELECTRIC 7-POINT PROGRAM 
is a plan designed to materially aid you in put- 
ting a research reactor to work. Through this 
program you can obtain any one of three Gen 


eral Electric research reactors: The Swimming 
Pool Reactor, Heavy Water Research Reactor, 
or the Nuclear Test Reactor. 


FOR MORE INFORMATION on these three re- 
search reactors and the new General Electric 
7-point program, write for bulletin GEA-6326, 
General Electric Company, Section 191-1, Schen 
ectady 5, N. Y.; or contact your nearest G-E 
Apparatus Sales Office. Outside the U.S. and 
Canada, write to: International General Electric 
Co., 570 Lexington Ave., New York, N. Y. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 


Fi 


REACTOR INSTALLATION is super- 6 START-UP AND SERVICE under 
vised at the site by the men who supervision of experienced person 
have followed the design and manufac- 


MANUFACTURE OF REACTOR is 

accurately co-ordinated with other 
construction plans, thereby assuring 
centralized project scheduling. 


nel is added assurance that proper oper 


ture of the complete system ation of your system will be maintained 
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New G-E 7-point program simplifies procedure 


for obtaining a nuclear research reactor 


There is more work involved in obtaining a nu 
clear reactor for advanced research than simply 
ordering one. Specific research requirements must 
be determined beforehand, an appropriate design 
selected, and necessary AEC construction per 
mits and licenses obtained. Other essential steps 
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eral Electric research reactors: The Swimming 
Pool Reactor, Heavy Water Research Reactor, 
or the Nuclear Test Reactor. 
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accurately co-ordinated with other 
construction plans, thereby assuring 


centralized project scheduling. 





